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faced with a stupendous data-reduction handles even the most difficult research For more information about the Univac 
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speed computation. That’s why the other outstanding characteristics includ- about how you might apply the system 

Univac Scientific electronic computing ing: superb operating efficiency, ob- to your particular problems, write to .. . 
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THE EDITOR’S NOTES 



SECOND EDITION OF THE 



GREETING TO COMPUTERS 



GLOSSARY 

In this issue, we print in full a glossary of 
terms in the field of computers and automation. This 
is the second edition of the glossary published by 
COMPUTERS AND AUTOMATION. The first edition, now 
superseded, was published in three issues in 1953. 
This second edition is indebted to many sources.par- 
ticularly to previously published glossaries, in- 
cluding one published in 1950 by the Institute of 
Radio Engineers, and one, dealing with digital com- 
puter programming terminology, by the Associationfor 
Computing Machinery in June, 1954, and to the fol- 
lowing persons who have made contributions in one 
way or another: Grace M. Hopper, Alston S. House- 

holder, D. R. Clutterham, James A. Pederson. 

As usual, in the definitions printed in this 
glossary, we have tried to report meanings as used, 
rather than meanings which "should" be used. 

Comments and criticisms of the definitions are 
invited, and will be appreciated, and probably will 
be published. * 



MERRY 
times XMAS 



0 R T E E Y 
L C R A A Y 
P L A T T Y 
0 R T E E Y 



= SLYXMPMOY, 
plus SREEATXAYC 



= PEACETOALL S IX=C IS 

and we wish you 32763 61456 38856 16513 4 

Solve for the digits — each letter stands 
for just one digit 0 to 9. 

(This is a Numble; for hints for solutio n 
of this kind of puzzle, see our publication men- 
tioned on p 39) . 



* * 



PUBLISHER OF "COMPUTERS AND AUTOMATION" 

Beginning with the next issue, the 
publisher of COMPUTERS AND AUTOMATION " 
will be Berkeley Enterprises, Inc.: 
we are incorporating. The members of 
Edmund C. Berkeley and Associates will 
become members of Berkeley Enterprises. 

A majority of the stock of Berkeley En- 
terprises will be owned by Edmund C. 
Berkeley, who will be president of the 
corporation. The organization Edmund C. 
Berkeley and Associates will continue to 
exist for some purposes (particularly the 
courses by mail) but a great part of its 
'"operations will be transferred to Ber - 
keley Enterprises. 

We hope that among other things this 
step will make it possible for us to pub- 
lish a larger, more useful, and better 
magazine. 



GREETINGS 

To all our readers, advertisers, and 
friends, we wi3i Christmas Greetings and 
a Very Happy New Year — from the staff 
of COMPUTERS AND AUTOMATION. 

To those who enjoy puzzles, and 
particularly to computers, we express 
an additional greeting, appearing a t 
the top of the next column. 



Forum: QUADRUPLED PRODUCTION 

Bill Danch, Woodstock, N.Y. 





"Are you the gentleman who is in the automation business?" 
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We think machines are wonderful, 
but PEOPLE WITH KNOW HOW are more important. 

Our wonderful 407's, 604's, lOVs, 024's, etc., 
and our ever more important PWKH'S are 
as close as air express and your telephone. 



SOME OF THE PEOPLE 
WHO USE OUR PWKH'S 



FULL FACE AND PROFILE 
OF ONE OF OUR PWKH'S 



American Telephone & 
Telegraph 

Western Electric 
Johnson & Higgins 
Loyalty Group of Newark 
Westinghouse 
Pension Planning Co. 

Ideal Mutual Ins. Co. 




Mel Forman: age 27 — Ac- 
count Executive — two years 
with M SC — previously super- 
visor for five years of a $6,000 
a month IBM installation in an 
insurance company 



MACHINE STATISTICS CO. 

27 THAMES STREET 

NEW YORK 6, N. Y. 

Tel. COrtlandt 7-3165 



The independent punch card tabulating service bureau that has come the 

fastest with the mostest 
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The Human Relations of Computers and Automation 



Fletcher Pratt, New York 
Author of ‘Ordeal by Fire’ and 30 other hooks 



As automatic computers extend their oper- 
ations into new fields of business and industry 
and the process of automation reaches new heights, 
there becomes visible an area of problems which 
as yet have received consideration chiefly by 
avoidance. This is the field of their human 
relations, particularly their labor relations, 
and the social changes that may be expected to 
follow from the new processes. 



Technological Unemployment 

Even the technological unemployment prob- 
lem has been shuddered at rather than consid- 
ered. A refinery in Canada is in an area which 
has no labor supply, and to which labor stoutly 
refuses to move because of the lack of creature 
comforts. This was anticipated by the builders 
of the refinery, and they very sensibly chose 
to make the operation as nearly fully au t o- 
matic as possible, with a resultant saving of 
about 30% in the operating force needed. The 
plant is a success — but the operating firm 
refuses to allow its name to be mentioned, pre- 
sumably on the theory that it will have bad 
labor relations elsewhere as a result. 

Similarly, many firms buying Univac time 
from Remington-Rand insist that their use of 
the computers be kept a secret. But it is dif- 
ficult to see how the use of computers which 
only furnish data unobtainable by any othe r 
process, could be viewed by any reasonabl e 
person as threatening anyone's employment. 



Reasonableness of Management 
and Labor 

The answer probably is that management in 
such cases has a suspicion that labor will not 
be very reasonable in the face of innovations; 
and the suspicion is likely to be justified. 
The new photographic composing machines, made 
by manufacturers headed by Photon, largely have 
the simple 42-key typewriter keyboard and can 
be operated by any competent stenographer. The 
typographers promptly claimed j urisdiction over 
persons operating the new machines, which is 
within the normal pattern of labor relations. 
But they have also produced a mechanical mon- 
ster called the Brewer keyboard to be attached 
to the photo machines. The Breiver enables the 
operator to punch things out on the elaborate 
97 -key linotype keyboard, from which they are 
translated electronically for the keyboard of 



the photo machine. The typographers consider 
this easier than spending two or three weeks 
to learn the simpler keyboard. 

Neither labor nor management is squarely 
facing problems which can be solved only b y 
the cooperation of both. Primarily this is a 
case of the narrow view. Of course, some kind 
of technological unemployment results from any 
new process: the invention of the automobile 
sensibly reduced the demand for blacksmiths, 
and that of the linotype for men who could set 
type by hand. But there is a difference. In 
the cases of automobile and linotype, the ad- 
vance of the new devices was gradual and the 
bodies of labor affected were not the highly 
organized and vocal pressure groups of today. 



Periodic Reeducation 

The problem is likely to grow more acute 
with the advance of automation into new fields. 
Does it mean some kind of reorganization of 
industrial structure? It would be almost idle 
to predict, for the problem has not yet been 
submitted to enough study. It is possible that 
the solution will require going back to the level 
of the secondary schools and altering educa- 
tion. As now organized these schools tend to 
turn out specialists or at least people who 
will specialize at the next educative stage. 
Yet the demand of both automatic computers and 
an economy based on automation is for an im- 
mensely increased adaptability on the part of 
the individual. He must be willing not merely 
to accept periodic reeducation, but to regard 
it as a normal part of existence. 



The Prospective Advance 
of Computing 

The technological unemployment question 
is however only a single aspect of the new so- 
cial complex inevitable as the result of com- 
puters and automation. There is a point at 
which any effort to hold back or contain a 
technical improvement becomes futile — the 
point at which it becomes more profitable to 
violate any restriction than to conform to it. 
To observers living in the 19th century, the 
anti-machine riots in England appeared to dem- 
onstrate that the mechanization of industry 
would be achieved only slowly and with great 
difficulty. But the manifestations proved a 
wave on the surface only — the appearance was 
illusory. 
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THE HUMAN RELATIONS OF COMPUTERS AND AUTOMATION 



Modern counterparts of the machine-smash- 
ers can expect to achieve little more in th e 
long run. The really important impact of the 
new methods will be felt when the use of com- 
puters is extended to take in the totality of 
a business or industrial operation instead of 
only some of its parts. 

It is important to realize that computers 
today are as it were grafted onto industry and 
business, rather than built in as an integral 
part. There is no business in the United States 
today whose total structure has been set up 
with the use of computers as an essential part 
of the operation. Partly, no doubt, this is 
because the machines are so new; there has not 
been time for the growth of industries in which 
they perform a fully integrated function. Nor 
has programming progressed to the point where 
it is possible to instruct a computer on a 1 1 
the elements in a given industrial operation 
and expect an answer that will make managerial 
decisions almost unnecessary. 



The Computation of Business 
Prospects 

Things may never reach such a point; but 
it is quite clearly the direction in which the 
development is moving. By this I mean that we 
shall doubtless see the day when a man propos- 
ing to manufacture widgets will submit to a 
computer data covering his sources of raw ma- 
terial, machine and labor costs and supply, 
sales costs, outlets and localities, asking 
for a solution to the question where his plant 
should be located and how operated to achieve 
maximum efficiency. The idea is not exactly 
new; but as with the technological unemployment 
question, the consequences in the field of 
human relations have received little attention. 

Or suppose, for example, that the manu- 
facturer of widgets is already in business, 
with his factory, work force, and sales force. 
From the data submitted the computer draws one 
remorseless conclusion: the public has lost 
its taste for widgets and there is no longer 
any way to operate the factory at a profit. 
The information will certainly be not only un- 
palatable to the manufacturer, but also and 
still more so to the labor force. They are 
not going to take easily the idea of losing 
their jobs at the behest of a pile of wire s 
and vacuum tubes. It may be that the plant 
can be used to manufacture gadgets instead of 
widgets, but the computer can hardly be ex- 
pected to think of that unless programmed to 
consider it. And it is worth noting that this 
is not technological employment in the ordi- 
nary sense; it is something quite new, bound 
to make an impress on the national economy and 
social structure. 



Computers and Size of Business 

Equally striking is the deducible effect 
of computers on the size of business. Tender- 
ness for the small, independent business man 
is one of the most cherished of American eco- 
nomic ideas, but the computers are facing him 
with a type of pressure he has never felt be- 
fore. Without the use of computer time, h e 
will in effect, be operating blind in compe- 
tition with large organizations which can af- 
ford a lot of computer time, and which can 
effect enormous economies by an expenditure on 
computer time in three dajs of as much as the 
small business man makes in a month. 

Perhaps small business men can form c o- 
operatives to rent computer time, but unti 1 
it has actually been done, this solution would 
appear of doubtful validity. The problems of 
a small business, its logistic support, and 
sales operations, are not very much less in 
complexity than those of a large one. Thus, 
relative to the scale of operations , the small 
business requires more computer time and com- 
puter expense than the larger one. It seems 
almost inevitable that computers as a factor 
in production will favor bigger business con- 
centrations. It is not without significance 
that the greatest single employer of computers 
today is the biggest business of all --the 
U. S. Government. 

- END - 

— - * 

Address Changes . If your address changes, 
please notify us giving both old and new ad- 
dresses, and allow three weeks for the change. 

Manuscripts . We desire to publish articles 
that are factual, useful, understandable, and 
interesting to many kinds of people engaged in 
one part or another of the field of computers 
and automation. In this audience are many 
people who have expert knowledge of some part 
of the field, but who are laymen in other parts 
of it. Consequently, a writer should seek to 
explain his subject, and show its context and 
significance. He should define unfamiliar 
terms, or use them in a way that makes their 
meaning unmistakable. He should identify un- 
familiar persons with a few words. He should 
use examples, comparisons, analogies, etc., 
whenever they may help readers to understa n d 
a difficult point. He should give data sup- 
porting his argument and evidence for his as- 
sertions. An article may certainly be contro- 
versial if the subject is discussed reasonably. 
Ordinarily, the length should be 1000 to 4000 
words, and payment will be $10 to $50 on pub- 
lication. A suggestion for an article should 
be submitted to us before too much work is 
done. To be considered for any particula r 
issue, the manuscript should be in our hands 
by the 5th of the preceding month. 




Glossary of Terms in the Field of Computers and Automation 



(Glossary, second edition, cumulative November 3, 1954) 



The following is a glossary of terms used in the 
field of computers and automation. The purpose of 
this glossary is to report or indicate the meanings 
of terms as used. This glossary draws from prev- 
ious glossaries, and from discussion of glossaries 
published in "Computers and Automation" and else- 
where. In general, the entry for any expression 
appears in alphabetic order according to the first 
word of the expression. For example "excess three 
code" appears under "e" for "excess" instead of 
"c" for "code". 



Additions, comments, 
will be appreciated. 



corrections, and criticisms 



A: ■- a b solute address - — - Digital- Computer Prog r am 1 
m - ing- . The label assigned by the machine de- 
signer to a specific register or location in 
the storage. 

-abs olute coding — Coding that uses absolute ad- 
dresses. ^ 

-ac — An on d- i - ng that mcra trs "automatic computer", 
as in Eniac, SeSSW.'** aXz 
access time — D igit a l Computers . — The time in- 
terval between the instant at which the arith- 
metic unit calls for information from the memory 
unit and instant/at which the information 
is t e the — a-r-i-H r m e fix 

- unit ; &. The time interval between the instant 

at which the arithmetic unit starts to send in- 
formation to the memory unit and the instant at 
which the storage of the information in the mem- 
ory unit is completed. In analoy computers; ' 

e a e h - <i e pe n dent-vaxtabte 



/ 



result of arithmetic 
first produced, 



t^- vale e-- ^ ' tira ^ -t of ea e l 
represented in the problem is iramediatel y ac- 
cesyible/when /the value of the independent 
vqriablb is a i time t, and otherwise not ac- 
cessible. 

accumulator — -D i g ital Comput e rs . ~^t9=-A-unirt~ln-a- 
di gital computer wher e number s- ar e— t o-t r a 1-e-d, 
that- is, auintmulaled.- A register in t h e 

arithmetic unit of- a di g ital compute r where the 

“pep 11 "” 515 

•ten the a c cum u lator st orey 

~quant i.ty ^ * it^ f orms^ t he sum of the first and the 
.sec oriel quantities and stores that instead. Some- 
^ twfes ytlie accumulator is able to perform other 
^pep^t ions upon a stored quantity in its regis- 
ter such^as sensing, shifting, complementing, 
dtc. 

accuracy. — Correctness or freedom from error. 

-Actntra&y contrast* with precision t ( for example , 

- a - four place f able, correctly ct r uip i rted, - is ac - 
curate ; -- while - a six-place table containing an 
error is more precise but notice urate 

adder Co m pu t e r s^ A device that can form the sum 

of two quantities, d e liver e d t o- i - t . — Exam-pA-e-s 
are* afl_accumulatJ 0 E 4 a— dlff ere ntial g par asse m-- 
bly r etc . i |M 4 » “db * 

address — Digital C o mputer s-. A label, -naaer — e-r 
number identifying a-regi-s -fcey , a location r — 
a- de vice where information is stored. Se e also : 



(2P 

absolute addfcess, floating address, relative 
address, s ymobl i c aadre s s . 
adjire^sed trafaory — Digital Computers. The sec- 
tions of the memory where each individual reg- 
ister he ays an address. — In storage on raag- 
netic/tade, usually only blocks of a number 
ql£ itemp of information have addresses , and an 
ndividual item does not have an individual 
address associated with it. 
habetic coding — A system of abbreviatio n 
uyed/in preparing information for input into 
machine, such that information may be rep or t- 
'' bd /not only in numbers but also in letters and 
wqrds. For example, Boston, New York, Phila- 
delphia, Washington, may in alphabetic coding 
be reported as BS, NY, PH, WA. Some computers 
will not accept alphabetic coding but require 
Ml /abbreviations to be numerical , in which case 
/these places might be coded as 0, 1, 2, 3. 
a^altra — Using physical variables, such as dis- 
/ tknee or rotation or voltage, or measurements 
/ (of similar physical quantities, to represent 
'and correspond with numerical variables that 
occur in a computation; contrasted with "dig- 
ital". 

analog computer -- A computer whic^calculates by 
using physical ‘’ analogs of the^v^riables . -Hs=~ 
- ually «a ^n e--to-one~-corres poiidenoo exists - b e- 
twpen each numerical variable occurring in the 
^oblent-and a varying physical measurement in 
theanalog computer. 

and -r Locfic. A logical operator which has the 
/ p/opeity /that if P and Q are two statements, 

- then the statement "P AND Q" is true or false 
/pre/c is dly according to the following table of 
pqpsiple combinations: 



p 


Q 


P AND Q 


false 


false 


false 


false 


true 


false 


true 


false 


false 


true 


true 


true 



by a 
P.Q, PQ. 



te^ANO operator is often represented 
centered dot (*), or by no sign, as in 
id' circuit — Circuits. A pulse circuit with 
Jtvtp input wires and one output wire, which has 
tl4^property that the output wire gives a pulse 
ii pnd" only if both of the two input wires re- 
ceive pulses. Also called a "gate” circuit. 
ithaeticcHeck — A check of a computation, raak- 
lg^se.^of arithmetical properties of the c o m- 
Aon|^ for example, checking the multipli- 



cat 



A x B by comparing it with B x A. 



arithmetic operation/^-) An operation in which nu- 
merical quantitiesPform the elements of t h e 
calculation. Such operations include the "fun- 
damental operations of arithmetic", which are 
addition, subtraction, multiplication and di- 
vision. 

— The^mhltiplication or division 
^of ^qdanfi tyChy^a power-jo£"the base of nota- 
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GLOSSARY 



For example, since 1011 represents eleven 
/in^binary notation, the result of two arith- 
metic shifts to the left is 101100, which rep- 
re keifts forty-four, 
arithmetic unit — B igitai - Computers* Th e co e-tiw 
o£- the hardware of a computer where arithmetic# 
and logical operations are performed on inform- 
ation. 

asynchronous computer Biyitai Cuwptrte-rs . 

automatic computer where the performance of any- 
‘ M n5pertrtien star ts as § result of a signal that 
the previous offirat 4&i has been completed), -eon— 
« tract o d with - "aynohronou c compu t er'V which ooo^ 
^rmTtbmatic carriage — Punch Card Machines. A 

iypejyriTing carriage which is automatically 
controlled by information and program so as to 
feed forms or continuous paper, space, skip, 
eject, tabulate, etc. It may produce any de- 
sired style of presentation of information on 
separate forms or on continuous paper, 
nutrt^tic checking^?-- Computers. Provision, con- 
structed in hardware, for automatically verify- 
ing the information, transmitted, manipulated 
or^tored^by any device or unit of the computer. 
Aromatic checking is "complete" when every 
process in the machine is automatically check- 
ed; otherwise it is partial. The term "extent 
of automatic checking" means either (1) the 
relative proportion of machine processes which 
are checked, or (2) the relative proportion of 
machine hardware devoted to checking, 
automatic computer ^ A computer which automatic- 
ally handles long sequences of reasonable oper- 
ations with information. 

rlj? controller — A device which controls a 
proc^ss/oy (1) automatically receiving measure- 
ifents^ofone^dr more physical variables of the 
prpc (2) automatically performing a calcu- 
lation, and (3) automatically issuing suitably 
varied actions, such as the relative movemen t 
of a valve, so that the process is controlled 
as desired; for example, a flyball governor on 
a steam engine; an automatic pilot, 
nuirtn^tic^procframming — Digital Computer Program- 
ming^ Any technique whereby the computer i t- 
^SeLf is used to transform programming from a 
f errm/that is easy for a human being to produce 
intrfEr" a form that is efficient for the computer 
to carry out. Examples of automatic program- 
ming are compiling routines, interpretive rou- 
tines, etc. 

•antomat^dif — 1. Process or result of rendering 
marines self-acting or self-moving; rendering 
/ autonjatic. /2. Theory or art or technique of 
making a device or a machine or an industrial 
process more fully automatic. 3. Making auto- 
matic the process of moving pieces of work from 
one machine tool to the next. 

iachine time — Time that a corapu ter 
Jfai^ttfe power turned on, is not under mainten- 
ance ^Land is known or believed to be operating 
correctly. 

average calculating ^o peration A - comm on— or- ty p- 

innlr- cal c ulating operation - longe r Ilian aii ~ ad d- 
it ion - and - short er :than a multiplica t ion; - often 
■ taken - -e a - the mearrof nine additions and one 
multiplication. 

base — — Numb ers-; — Te n in thn rf r rimnl no t nt in n 

of— THH nhe r . < ; T t w n — fn— b h e M -nary nntnlrrTnLLi if-ZniiiTi- 
b crs, ci y hL iu ' ucla l irotat-ion-r and in g e n eral— 
the radix in a ny s calo of notati t m - fo r numbers. 



binary ^ I^gol^ i - ng the intc g cg^wo j ^Fqr -- cxafflpl e, 
thc - bina r y number system U3C3 tw^aS'^T ci ) bj s-e- 

nf notation- a hia ary-e htrice~±s » cirutce 

tw e e n — two- al t e rnatives: a b inary operation i s 
~one- that combines 2 quantities. ^ 
binary cell — -Jla-ej^aeat-that-caxi--have— ene-or^lhe 
o t he r ~ of -^we--sttrbte~stnte^-i)X-q3 o s l - t - i ons — a nd s o 
can— s4ore-a— un i t o f ~Tniformatgtoiu 
binary-coded decimal notation /^) One of many sys- 
tems of writing numbers in which each decimal 
digit of the number is expressed by a different 
code written in binary digits. For example, 
the decimal digit zero may be represented by 
the code 0011, the decimal digit one may be 
represented by the code 0100, etc. 
brf^ajyi digit — A digit in the binary sea 1 e of 
notmxioh^ This digit may be only 0 (zero) o r 
1 (one) . It is equivalent to an "on" condition 
or an "off" condition, a "yes" or a "no", etc. 
binary? notation — The writing of numbers in the 
sq^ie/ot ,two. The first dozen numbers zero to 
eLetfert^are written 0, 1, 10, 11, 100, 101, 110, 
111,^1000, 1001, 1010, 1011. The positions of 
the digits designate powers of two; thus 1010 
means 1 times two cubed or eight, 0 times two 
squared or four, 1 times two to the first pow- 
er or two, and 0 times two to the zero power 
or one; this is equal to one eight plus no 
four's plus one two plus no ones, which is ten. 

— A number written in binary nota- 

?point — In a binary number, the point which 
place between integral powers of two 
and^ fractional powers of two, analogous to the 
decimal point in a decimal number. Thus, 10.101 
means four, one half, and one eighth, 
binary? to/decimal conversion — The mathematical 
pl^opds/ of converting a number written in binary 
notatiQm-'to the equivalent number written in the 
ordinary depjimal jiotation. 
biquinary j fc#a t i<> H A scale of nota- 

tion in which the base is alternately 2 and 5. 

For example, the number 3671 in decimal nota- 
tion is 03 11 12 01 in biquinary notation; the 
first of each pair of digits counts 0 or 1 units 
of five, and the second counts 0, 1, 2, 3, or 
4 units. For comparison, the same number in 
Roman numerals is MMMDCLXXI. Biquinary nota- 
tion expresses the representation of number s 
by the abacus, and by the two hands and five 
fingers of man; and has been used in some auto- 
matic computers. 

bit A- b in ary d - i g lt;— a-s mall e st - unit of - f n f p ra r- 
ation; a "yes" or a "no"; a single pulse in a 
group of pulses. 

block — Pi y I fair eemputejcs->-iL group of consecu- 
tive machine- words c^^Xdere d - o r -- tr ens fc rrc-d 
as a unit* p articularl y with r efeieiic e- to - in pxrr 
■ and output 

bootstrap — - Digital C em pnt er^ P r ugra mnrnrg-. The 
-ended- instructions at the beginning of 

tog eth^rwith- ^6 w o instructions 

or b utt o n s i nto the-eompTrter^ 
used to put a '5’oSSwe into the computer • 
break-point -- -Bigi-tair~€x)nynte r Program ming-. A 

point in a ^tfn^ne" at which the computer may^<- 
-u ndor the control -of - a manually s e. t . swito by-b*e- 
stopped for an--ep cga$rpjr^ check of the progr e ss^ 
- of the luuli Tig. c . 

buffer Gi-noaitC '. An isolating circuit used 

to avoid any reaction of a driven circuit upon 
the corresponding driving circuit. - 2h=-A > o i r 




c/it having an output and a multiplicity of in- 
.puts/so designed that the output is energized 
/wh&never one or more inputs are energized. Thus, 
^ a/buffer performs the circuit function which is 
equivalent to the logical "or", which see. 

-birffer-stxicage Digital f l o mput PE. *; Equipment 

linked to an inp ut^ ^v^pe,, in _ which infgmation 
is ass embled ^<wn ex €crnor ^t^a^o^ai 

^Miraient linked to an output device into which 
i^f^pdCiin-4^fransmitted from internal storage 
^and'neld for transfer to external storage. Com- 
putation continues while transfers between buf- 
fer storage and external storage take place. 
bUs^-'T 1 - D&gi t^l^Computers . A path over which i n- 
^^ojHJlata^ifis transferred, from any of several 
destinations; a channel, line, or trunk. 

— catt ail umbe r — Digital Computer Programming. 
A set/of characters identifying a subroutine, 
antf(coittalning information concerning parameters 
to be inserted in the subroutine, or information 
to be used in generating the subroutine, or in- 
formation related to the operands. 
cadTl^-Wrd>--~gijgirtal Computer Programming. A call- 
number which fills exactly one machine word, 
capacity Dl g i- tal ~ C o m pu- tero r- 1. The number o f 
digits' or characters which may regularly be pro- 
cessed in a computer, as in "the capacity of the 
computer is ten decimal digit numbers". 2. The 
upper and lower limits of the numbers which may 
regularly be handled in a computer, as "the cap- 
acity of the computer is +- .00000 00001 t o 
.99999 99999". Quantities which are beyond the 
capacity of the computer usually interrupt its 
operation in some way. . 

Computers. A card of 'constant size and 
/^qpe<^ddapted for being punched in a pattern 
which/nas meaning. The punched holes are sensed 
electrically by wire brushes or mechanic a 1 1 y 
by metal fingers. Also called "punch card. " 
One of the standard punch cards (made by Inter- 
national Business Machines Corporation) is7and 
3/8 inches long by 3 and 1/4 inches wide, and 
contains 80 columns in each of which any one of 
12 positions may be punched. 
cafH) coluijm-7 — Punch Card Machines. One of a num- 
K^p'df columns (45, 80, or 90) in a punch card 
into wfjich information is entered by punches, 
caxckjfeed -^Punch Card Machines. A mechanism which 
moms^cards one by one into a machine. 
card~field / 2 — Punch Card Machines. A set of card 
coMmps fixed as to number and position, i n to 
whljcffthe same item of information is regularly 
entered; for example, purchase order numbers of 
five decimal digits might be punched regularly 
into the card field consisting of card columns 
11 to 15. 

carcTta^ckpr^- Punch Card Machines. A mechanism 
tmqj^facks cards in a pocket or bin after they 
have passed through a machine. Sometimes called 
"card hopper". 

card"T?e aderr-^Punch Card Machines. A mechanism 
tb^tcertfses the information in cards to be read, 
usVcTLly by passing them under copper wire brushes 
or across metal fingers. 

qapd^oBnch -^Punch Card Machines. A me chan is m 
wlj^eh^tfnches cards, or a machine which punches 
cards according to a program. .~J 
carry — <Arl%hmg tic.~ The to be take n t 0 

the next higher column (and there added) when 



the sum of the d igi - ts in one column equals o r 
exceeds the -bacc^ — 2. T he pr-o- ce -s-s — o-f 

• i rtn isf e riing th e -earry~digll_t 0. jthe_next-higher 
- co l umn . 

c«thr63& ray tube — Digital Computers. A large 
electronic vacuum tube containing a screen on 
ich information, expressed in pulses in a 
beant'^or ray of electrons from the cathode, is 
setfred by means of the presence or absence of 
spots bearing electrostatic charges. The cap- 
acity usually is from 256 to 1024 spots. 
ceJLlr^^/toiai'tal Computers. Storage for one unit 
of^i^ormation, usually one character or one 
machine word. More specific terms ("colum n, 
location, block") are preferable since there 
is little uniformity in the use of the terra 
"cell". 

channel Digita l - C o mputers - * — t-r— A-petfi along 

w^eb information, particularly a series of 
digits or characters or units of information, 
m^^fTojw or be stored. For example, in the ma- 
chine i/known as a punch card reproducer, inform- 
ation (in the form of punch cards) may flow in 
\ either one of two card channels which do not 
/^physically connect. 2. Magnetic Tape or Mag- 
-A path parallel to the edge of 
along which information may 
be stored by. means of the presence or absence 

, 3r- De-— 

^y^inejjemory such as a Mercury Tank. A cir- 
^uiar^ath forward through the delay line mem- 
ory and back"~th rough electrical circuits along 
which a pattern of pulses representing inform- 
ation maybe stored. 

character /^QDigital Computers. ‘1. A decimal di- 
git^) to9, or a letter A to Z, either capital 
orOfower case, of a punctuation symbol, or any 
othern single symbol (such as appear on the keys 
of a typewriter) which a machine may take in, 
store, or put out. 2. A representation of such 
a symbol in a pattern of ones and zeros repre- 
senting a pattern of positive and negati v e 
pulses. KsfcX • 

check digit — On e— or - m #re ^ g $g - i tc carried alon g 
with a - machine word -f i .tt. , a unit 
ferraefr i un Jiaiplbed bv Lhe - jma c hin e), ."^wlficn report 

frae word 

m saLch-nfashion that if a single error occurs 
(exeTuc^g-two compensating errors) , the check 
will fail ancKgive rise to an error alarm sig- 
nal. For example, the check digit may be 0 if 
the sum of other digits in the word is odd, and 
the check digit may be 1 if the sum of othe r 
digits in the word is even, 
cire^ilatin^? memory — Digital Computers. A device 
usArig-'lr ^!delay line" which stores informatio n 
of pulses or waves, as a pattern of 
the presence or absence of such pulses, where 
the pattern of pulses issuing at the final end 
of the delay line is detected electrically, am- 
plified, reshaped, and reinserted in the delay 
line at the beginning end. 
cl-estjS) subroutine — Digital Computer Programming. 
A/Sdbrmptine with the following propertie s: 
stored separately from the main rou- 
tine; /(2) at the proper point in the main rou- 
tine,' a jump instruction transfers control t o 
the beginning of the subroutine; (3) at the end 
of the subroutine, another jump instruction 
transfers control back to the proper point i n 
the main routine. 
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clear (verb) — Di g ital Com puters. To replace in- 
formation in a register by zeroj aa exp r ess ' 
±n-tho number cyctem-cmployod. A 

code C om put ers . A ayo - fcem o f- s ymbol^ 

representing information, in a c o mputer - and 



*<ior 



code^Xyprbl, — Computers. To express information, 
p^rel^ciuajj^ problems, in language acceptable 
to^a specific computer. 

coded decimal (adjective) — Computers. A form 
of notation by which each decimal digit separ- 
ately is converted into a pattern of binary 
ones and zeros. For example, in the "8-^-2-l" 
coded decimal notation, the number twelve is 
represented as 0001 0010 (for 1, 2) whereas in 
pure binary notation it is represented as 1100. 
Other coded decimal notations are known as: "5- 
4-2-1", "excess three", "2-4-2-1", etc. 
codeddecijmal digit — A decimal digit whic h i s 
- exfrros sea- by a pattern of four or more 
‘-aa K t ^ z er o s -. 

cxided/prpgram — A program which has been express- 
ed M/the^.code for a computer, 
co der --/Aperson who translates a sequence of in- 
struct ions^f or an automatic computer to solve 
a j&ot&efiT into the precise codes acceptable to 
the machine. 

<u>drtap^- The list in computer code of the suc- 
c pssive / computer operations required %o carry 
our a given routine or subroutine or solve a 
given problem. 

codia$bl4ne — A single command or instruct ion 
wr^rte^usually on one line, in a code for a 
cdmputer to solve a problem.^^ 
collate — To combine two se quon e cs of items of in- 
formation in any way such that the same sequence 
is observed in the combined s ^gu^Sd e. Eor'px-^- 
am pl e , seq ue nc e- 12, 29, -42— and sequence 27, 2 4 t~ 
4 8 -ma y3 e-^ol^t ed^uLo 12,23,2 47'29, 427 48. 
Mdre generally", to cdmbrne two or more similar- 
ly ordered sets of items to produce anoth e r 
ordered set composed of information from the 
original sets. Both the number of items and 
the size of the individual items in the result- 
ing set may differ from those of either of the 
original sets and of their sums. 
colrtatrofT^ Punch Card Machines. A machine which 
h^^ivo^ard<feeds , four card pockets, and three 
s tat ions^at which a card may be compared or se- 
quencfed-with 'regard to other cards, so as to 
determine the pocket into which itisto be 
placed. The machine is particularly useful for 
matching detail cards with master cards, for 
merging cards in proper sequence into a file 
of cards, etc. 

Writing. The place or position of a 
chdrac^ei>o^ a digit in a word, or other uni t 
of i^ormation. 2. Computers. One of the char- 
acters or/digit positions in a positional not- 
ation representation of a unit of information. 
Columns are usually numbered from right to left, 
zero being the rightmost column if there is no 
decimal (or binary, or other) point, or the 
column immediately to the left of the point if 
there is one. 3. Arithmetic. A position or 
place in a number, such as 3876, written in a 
scale of notation, corresponding to a give n 
power of the radix. The digit located in any 
particular column is the coefficient of the 
corresponding power of the radix; thus, 8 in 
the foregoing example is the coefficient oflO^. 



command — A signal, or set of signals in- ^ 

itiating og&a»tep-fn-t ho pc^om ance-~pf~a-eom- 
-pater upera Lion. ^ 

comparator 1- . - Circu i t o > A circuit which com- ^ 

pares two signals and supplies an indication 
of agreement or disagreement! or a - meo -h-a-als-n. 
-by-mgan5~uf-~wh4oh— two - items . of information may 
he-'Cifapared^HK certain respects, and a signal 
given(jifip6nding on^whethe\ they are equal or 
unequal. 2. Computers. A device for comparing 
two different transcriptions of the same i n- 
formation to verify agreement or deter mi n e 
disagreement. 

compalFfsjbn — Computers. The act of comp a r i n g 
apa, /usually, acting on the result of the com- 
parison. The common forms are comparis o n of 
two numbersTrtfirf identity, comparison of two 
numbers for relative magnitude, and comparison 
of two signs plus or minus. 

compile?^ Digital Computer Programming. A pro- 
gra^iaking^ro^tine, which produces a specific 
jjr6gram/for a /particular problem by the follow- 
ing process :/(l) determining the intende d 
meaning of an element of information expressed 
in pseudo-code; (2) selecting or generating 
(i.e., calculating from parameters and skeleton 
instructions) the required subroutine; (3)trans- 
forming the subroutine into specific coding for 
the specific problem, assigning specific mem- 
ory registers, etc., and entering it as an ele- 
ment of the problem program; (4) maintaining a 
record of the subroutines used and their posi- 
tion in the problem program; and (5) continuing 
to the next element of information in pseudo- 
code. 

compiling routine — ^Computers-* A routine by 
means of which a computer can itself construct P\js 
the program to solve a problem by assembling, ' 
fitting together, and copying other programs 
stored in its library of routines. 'S-am-e — a-a- 



complement — Arithmetic. A quantitywhi c h is 

quantity 

a vion to 'the ba s e n,- by one - of tho f oil ow - i n- g - 
(a)^omplement^n--m^ subtract each di- 
git o£"fhe gljtfiB-^rffantity frpm n-1, add unity 
to the rightmost digit, not z^ro and perform 
all resultant carries. For exstapi^r^he twos 
complement of binary 11010 is 00110; the tens 
complement\of decimal 679 is 321. (b) Comple- 



ment on n-lr~snbfract each digit of the given 
quantity from n-1. For example, the ones com- 
plement of binary TIO iO is uulOin; — tire — ndhre-s 
complem e nt uf deCl iiia l 67 9 is 320; The comple- 
ment is frequently employed in^lcomputers to 
represent the negative of the given quantity, 
cfltfjprbpte operation — Computers. A calculating 
ojyH^ltion which includes (1) obtaining all the 
nui^ersjyxterdjig^imto the operation out of the 
me^ojef\{2) making the calculation, (3) 

putting the results back into the memory, and 
(4) obtaining the next instruction, 
aompuier 1. A machine which is able to calcu- 
iQXeox commute, that is, which will perform 
sequencpsr^of reasonable operations with inform- 
atioir/mainly arithmetical and logical opera- 
tions. 2. More generally, any device which is 
capable of accepting information, apply i n g 
definite reasonable processes to the information, 
and supplying the results of these processes. 
jxJraj^ulrilig machitx&ry ^— Machinery which is able to 
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trike in and give out information, perform reas- 
^onaole^operations with the information, and 
store information. 

<Lompnter co(te, — Computers. The code expressing 
tue^loperritions built into the hardware of the 
computer. 

c-oprifater operation — Computers. The electronic, 
mechanical, or other physical operati on of 
hardware in a computer resulting from an in- 
struction to the computer, 
conditional') — Computers. Subject to the result 
of]jj/tomparison made during computation; sub- 
ject to jhuman intervention, 
conditional) breakpoint instruction — Digital com- 
put^Wo^ramming. A conditional j ump instruc- 
tion wlach, (if^ some specified switch is set, 
will cause the computer to stop, after which 
either the routine may be continued as coded or 
a j unp to another routine may be directed, 
conditional transfer of control — - Dt yi te t -Geapu t- 
-er». A computer instruction which w h e n reach e d 
H en ' the- s ource of a pr o gram w.V t -1- causes the com- 
puter either to continue with the next instruc- 
tion in the original sequence or to transfer 
control to another stated instruction, depend- 
ing on - jrft fmtTta o r e gar c fYny^on i e pr op erty of - a 
nu mber or numbers which has th o n been determine d, 
contents -^^ igitalCmp u t ei-a . The information 
stored “in any ^ mr^ eithe co mpute r memory. -Th e - 



contents of..."; for example, (m) indicates the 
contents of the storage location whose address 
is m. 

coofrJpl (verb) — Digital Computers. To direct 
p€f y gejlm6nce of execution of the instructions 
tcra computer. 

cotffrbL, circuits — Digital Computers. The cir- 
qj^ivs/^ich effect the carrying out of instruc- 
tions in proper sequence. 

control register Digi^teir- C o mput -e rC '. The reg- 

ister which stores the eurreat instruction 



cycle . cs**'*^ 4 ^**^^ . 

cnntxo^T^equence — Digital Computers. The normal 
s^qriepce^oT? select ion of computer instructions 
for wcricuyion. In some computers, one of the 
addresses/in each instruction specifies the 
control sequence. In most other computers the 
sequence is consecutive except where a j u m p 
occurs. ^ 

control unit — Digital Computers. That ^ porti o n 
of the hardware of an automatic digital c o m- 
puter which directs the sequence of operations, 
interprets the instructions, and initiates 

the i t e r circuits 

execute the i nstruct! ons .^-*--^^ 
converter — A machine which changes 

in one kind of language (Tmaefun o 



-©^-language Accep table - to a mach -i ne ; For er°- 

a m ole , - a^ aae-hine which takes in information 
ri^p^s^ed \ln-^nc|t-<rrirds and produces the same 
information expfessed in magnetic tape, is a 
"converter". Often the machine possesses lim- 
ited computing facilities, spoken of as "edit- 
ing facilities". 

p y - ^T^D ig^tal Computers. To transfer information 
s^orpd^im one memory register into another mem- 
ory register, leaving unchanged the information 
in the first register, and replacing whatever 
was previously stored in the second register. 



counter — A mechanism which either totals digital 
numbers, or a i lows - digl-trol numbor s t o - be — in=- 
©reased by additions of ~ one iff- any-c-oJjii&n — of 
■die juiifiB^x^'^rbHrs--also able to be reset to 

crip<pTted leap-frog test — Digital Computer Pro- 
gramming. A variation of the leap-frog test 
descrd^cLbelow, modified so that it repeats 
its tests from a single set of storage loc a- 
tions and does not "leap", 
cybernetics — 1. The study of control and commun- 
ioafifon in the animal and the machine. 2. The 
art/ofothe pilot or steersman. 3. The compar- 
ative itudy of complex information-h and 1 ing 
machinery and the nervous systems of the higher 
animals including man in order to understand 
better the functioning of brains, 
cyei© (verb) — Computers. To repeat a set of op- 
erations a' specified number of times including, 
whqp/required , supplying necessary memory lo- 
cation address changes by arithmetic processes 
or by means of a hardware device such as a 
cycle-counter. 

cycTel(noun) — 1. A set of operations repeated 
as/ri’unrU 2. Computers. The smallest period 
of /time'" or complete process of action that i s 
repebtedQhf^order. In some computers, "minor 
cycles" and "major cycles" are distinguished. 3, 
Computer Arithmetic. A shift of the digits of 
a number such that digits removed from one end 
of the word are inserted in sequence at the other 
end of the word, in circular fashion. 
cygie-'cHterion — Digital Computer Programming. 
Tl^^ot^lnnumber of times that a cycle is to be 
repe^fe€a, W"the register which stores that 
number. 

cycirilindex — Digital Computer Programming. The 
nunjbrii o£-^mes a cycle has been executed; o r 
the (difference (or the negative of the differ- 
ence) between that number and the numbe r of 
repetitions desired. 

cj^rii reset — Digital Computer Programming. The 
re^turiring of a cycle index to its initial value. 
cyeilS shift — Computer Arithmetic. A shift of 
t^e^rgits of a number (or the characters of 
a word^Kin which digits removed from one end 
of the word are inserted in the same sequence 
at the other end of the word, in circular fash- 
ion. 



J3: -DCxiump — Digital Computers. The condition 
resulting when direct current power is wi t h- 
djrawn'lfrom a computer which uses volatile stor- 
rigd", i.e., loss of information stored in such 
storag^. 

debug — - C o mput e rs- . To isolate and remove -m-a-i- 
^ functions from - a c omputer -or- mistakes from a 
program#i > 

debMe-)-- A group of ten; for example, a "decade 



couRxetllHwill count to ten in one colum n or 
place of a decimal number. 
detfljhaL, digit — One of the symbols 0, 1, 2, 3,4, 
8, 9 when used in numbering in the scale 
of^ten< Two of these digits, 0 and 1, are of 
course also binary digits when used in numera- 
tion in the scale of two. 
decimal? notation — The writing of quantities in 
tneZsdale of ten. 

detrjjjiaiNjagint — In a decimal number, the point 
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that marks the place between integral and frac- 
tional powers of ten. 

decime^-to-b inary conversion — Mathematical pro- 
cesy®f_converting a number written in the scale 
of ten into the same number written in the scale 
of two. 

delr^ line — Computers. A device which stores 
/information in a train of pulses or waves, and 
4is akpattern of the presence or absence of such 
waves, m example of a delay line in everyday 
life is an echo; the air and a reflecting wall 
momentarily store a train of sound waves. In a 
computer delay line, the medium may be mercury, 
the container a pipe, and the pulses issuing at 
the final end may be detected electrically , am- 
plified, reshaped, and reinserted at the begin- 
ning end. 

diagnostic routine Bigi-feai— 6«mpTTteTr-Progr«iiiiing i . 

A specific routine designed to locate either a 
malfunction in the computer or a mistake i n 
coding. 

jdircTairam — Digital Computer Programming. A schem- 
at|L representation of a sequence of subroutines 
designed to solve a problem.lt is a les s de- 
tailed and less symbolic representation than a 
flow chart, and frequently includes descriptions 
in English words. 

differential analyzer — An analog computer de- 
si/gth^-iJarticularly for solving or "analyzing" 
many types of differential equations. 

tXator — Analog Computers. A devic e 
whoseoubput signal is proportional to the de- 
rivative of an input si gnal ^ 
digit - 1. One of thej^sj 1^ 6, 

7, 8, 9, used m numb dr i ng^n-the— s oaTe-'oft e n . 
-2^QnexDf^these symbols and sometimes also let- 
ters^'e^rressjjig^'integral values ranging from 0 
to n-1 inclusive, used in a scale of numbering 
to the base n. 

dftjitalrv — Using numbers expressed in digits and 
[ip 7 a ^nl£^of~hotation, in order to represent 
Sll the variables that occur in a prpblem. 
d i g italc^p^er-^^ co mputer. which 

in digits /< lmid~yeses 'and 
_jtofcs-eXpressed usually in 1 's and O's, to rep- 
resent-airf the variables that occur in a problem, 
digitize — To, change an analog measurement of a 
pn^si^l'^variable into a number expressed in 
digits in a scale of notation, 
doubly precision — Digital Computers. Having twice 
as/hfcmy digits as the quantities normally hand- 
led><fn(_tji€ computer. For example, in the case 
of a desk calculator regularly handling ten 
place decimal numbers, computation with 20 place 
numbers by keeping track of the 10 place frag- 
ments, is "double precision" computation, 
down-time Com puter Operation . Time when a com- 

puter is ^nal functioning, og not operating cor- 
rectly, due to c ia£S5Se failures’ 
dupayy — Digital Computer Programming. An arti- 
ff8|ad7 address, instruction, or other unit of 
intornmion inserted solely to fulfill prescrib- 
ed conditions (such as word-length or block- 
length) without affecting operations. 
dOS^^-Xomputer. Operation. To withdraw all power 
accidentally or intentionally, 
duplication check — A check which requires that the 
r^spTts of two independent performances (either 
concurrently on duplicate equipment or at a later 
time on the same equipment) of the same opera- 
tion be identical. 



dylumip storage — Storage such that information 
#f/jHrertain position is changing over time 
ana ^o is not always available instantly; for 
example, acoustic delay line storage or mag- 
netic drum storage. 

dyiraSic subroutine — Digital Computer Program- 
mi^.;/ '^Subroutine which involves parameters, 
s^hk-a's decimal point position or item size, 
from which a relatively coded subroutine i s 
derived. The computer itself is expected t o 
adjust or generate the subroutine according 
to the parametric values chosen. 

E: edit — Blgltul-eompir tcr Prog ramming-. To ar- 

range or rearrange information, f or -t he out put 

, nnit-tu-priiiL. F d it . ing^aay involve -the dcl -e- 

tlop of unwanted data, the selection of pert- 
i^nt>data<" the insertion of invariant symbols 
such as page numbers and typewriter characters, 
and the application of standard processes such 
as zero-suppression. 

education of a computer — Computers. Preparing 
cmf /assembling programs for a computer so that 
thecdomputer can itself put together many pro- 
grams for many purposes. This greatly reduces 
the time required from human programmers to 
program the computer. 

eledtric/typewriter — A typewriter having an e- 
lteqxxi/c motor and the property that almost all 
the operations of the machine after the keys 
are touched by human fingers are performed by 
electric power instead of the power of human 
fingers and hands. 

eLee^rnnic (as contrasted with "electric") — In 
gefieraX , dealing with flows of small numbers 
of electrons in a vacuum, as contrasted with 
flows of large numbers of electrons along wire 
conductors. 

eldctjcp»ic calculating punch — Punch Card Mach- 
ines/^ /A punch card machine which, in eac h 
fraction of a second reads a punch card pass- 
ing through the machine, performs a number of 
sequential operations, and punches a result cn 
the punch card. 

electrostatic storage — Storage of information 
in the form of the prcscnco-or obsonoo of sp o t s 
:bE3i4*t electrostatic charges*^ .S ec "cathode 
^ ray tube" . . 

exluatjion solver — A computing device, often an- 
al is designed to solve systems of 

linear simultaneous (nondifferential) equations 
or find the roots of polynomials, or both. 

equivalent binary digits — Number of binary di- 
git^equfdalent to a given number of decimal 
drgi^s oy other characters. When a decimal 
number if; converted into a binary number, the 
number of binary digits necessary is in general 
equal to about 3 1/3 times the number of dec- 
imal digits. In coded decimal notation, the 
number of binary digits necessary is ordinarily 
4 times the number of decimal digits. 

er^sabl^ storage — Storage media which can be 
er4r£ea and reused; for example, magnetic tapes. 

erase -- Digital Computers. 1. To remove inform- 
al 'pjy'tjjom storage and leave the space avail- 
able fol^ recording new information. 2. To 
replace all the binary digits in a storage 
device by binary zeros. In a binary computer, 
erasing is equivalent to clearing, while in a 
coded decimal computer where the pulse code 
for decimal zero may contain binary ones, clear- 
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ing leaves decimal zero while erasing leave s 
all-zero pulse codes. 

error r- The amount of loss of precision inaquan- 
tktfrfthe difference between an accurate quan- 
tity/and its calculated approximation. Errors 
occur in numerical methods; mistakes occur in 
programs, coding, data transcription, and op- 
erating; malfunctions occur in computers. 

excess-three code^j^ A coded decimal notation for 
decimal digits which represents each decimal 
digit as the corresponding binary number plu s 
three. For example, the decimal digits 0,1, 
8, 9, are represented as 0011, 0100, 1011, 110Q 
respectively. As may be seen, in this notation, 
the nines complement of the decimal digit is e- 
qual to the ones complement of the correspond- 
ing four binary digits. 

exnhMae — Digital Computer Programming. To inter- 
change the contents of two storage devices or 
locations. 

executive routine DigH - ol - Computer Program mi ng ^ 

A routine designed to process and control other 
routines. __ . .... 



routines. 

external memory Bi 

separate fromjdiej, 
information Stored 



but holding 



tapfi_ijnjajcloset, or punch cards in filing 
c-^lxine'ts . 

extract — - Comput er s ^ 1. To obtain certain digits ' 
f rom q mae dtr i -ne word, -as may - be - - specifie d. — F - o r- 



S^Jred in a machine register, the computer can 
bd^n^tru^ed to "extract” the eighth digit (in 
this Case/a one) and correspondingly perform a 
certain action. 2. Computers. To replace the 
contents\of specific columns of one machine 
word by the contents of the corresponding col- 
umns of another machine word, depending on the 
instruction. 3. To remove from a set of items 
of information all those items that meet some 
arbitrary condition. 

F: /fipVd 1. Punch Card Machines. Aset of 
tow/y/Aoxe columns in each of a number of punch 
cafds /which is regularly used to report a stand- 
ard item of information. For example, if col- 
umns 16 to 19 are regularly used to report 
weekly rate of pay, then these columns would 
constitute a field. 2. Computers. A set of 
one or more characters (not necessarily all ly- 
ing in the same word) which is treated as a 
whole; a unit of information. 

fixed-pvcle operation — Computers. Organization 
pt ^C^mputer whereby a fixed time is allocated 
to operations, although they may actually take 
less time than is allocated. This is the type 
o^operation ofa "synchronous" computer. 

on — — Comput e rs .- Calcul a ti on 
tfeipg^of : ^§£raiag a fixed or constant location 
ofthe d e cimal point o r th e~ lrluaij i point in ca c h - 

fixed-point representation Arrttratic-r- An arith- 

metical notation in which all numerical quanti- 
tiesa^reexpressedl ^the-^Sae specified number 
of - tug ttk , with tlie^pSint implicitly located at 



only if the last pulse received by the fli p- 
flop is on the corresponding input line. 

floating-point calculation — Computers. Calcu- 
lation taking into account varying location 
of the decimal point (if base 10) or binary 
point (if base 2), and consisting of writing 
each number by specifying separately its sign, 
its coefficient, and its exponent affecting 
the base. For example, in floating-point cal- 
culation, the decimal number -638, 020, 000 
might be reported as -, 6.3802,8, since it is 
equal to -6.3802 x 10®. 

flow chart — Digital Computer Programming. A 
graphical representation of a sequence of-pco= 
operations* - using sywbolV ' to icpre -seat 
^Derat ions snrh as compute, -'inhntit. Mte T nom- 
^re./jump, copy, read, write, etc. A flow 
chart-isZa'mbre detailed representation than 
a diagram, which see. 

for ©e (verb) — Digital Computer Programming. To 
imervene^ 

feur9ad<iress (adjective) — Digital Computer Pro- 
gfc^iimnqjjgw Having the property that each com- 
plete instruction specifies the operation and 
the addresses of four registers. Usually each 
instruction contains the addresses of three 
operands (i.e., the numbers being operate d 
with) , the operation, and the address of the 
next order. 

futf^igp switch — Circuits. A network or circuit 
haimicpa number of inputs and outputs and so 
coM^cten that signals representing information 
expressed in a certain code, when applied to 
the inputs, cause output signals to appear 
which are a function of the input information. 

function taWe — 1. Mathematics. A tableof the 
a mathematical function. 2. Com- 
puters. I A hardware device or a program which 
translates from one representation of inform- 
ation t& another representation. 

£: gate Circuits. An electirouie circuitwithA 



-taco inputs an^on^jiutput , which 
erfcy that y^ p ufc e go eo o ut on the output -Mae- 
if and oolyif some specified combination of 
pg t s ^ r s ^' <^&u«- on the inputs^jaes-.- Th e com— 



t he 1 same s p fb &ifei gii~poflitia a*- ^ , 

flip-flop — - Ciro - tt i t -6. An electronic circuit hav- 
ing two stable states, two input lines .andtwo 
corresponding output lines such that a - sig - n-a l - / 
exist s on either one of the output lines if and 



inptffUri^es , which is called an "and" gate, or 
, lju the presence of a pulse on one line and the ab- 
frtSr S ence of a pulse on the other line, which i s 
called an "except" gate or inhibitory gate. 
^jM^al^routine — Digital Computer Programming. 
^Vdufcine expressed in computer coding design- 
ed toC-oTve a class of problems, specializing 
to a specific problem when appropriate para- 
metric values are supplied, 
gepdr'ate — Digital Computer Programming. To pro- 
^jrce^podlng by assembling and modifying prim- 
itive elements; similar to generation of aline 
by a point, a plane by a line, etc. 
g^erat^di>«^ Digital Computer Programming. Acom- 
ptfter^program which generates coding. 

H: half-adder — v C i E cui t s.. A circuit having two 

output channels - fnr binary siguals-^OlUt feFgerd 
• or one ) — in which the output aig n al's^ ge related 
to the input s ignals - according to the follow- 
ing table: 



Output 

SC 



Ha 7 f ~ 

Adder 
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Url3 circuit expresses in hardware a part of 
the^ftfnfctipns necessary for binary addition. 
The stands for "sum without carry"; 

the letter/ C stands for "carry". With two 
half-adders, and another circuit properly trans- 
ferring the carry from one column to the next 
column, a circuit which will perform bi nar y 
addition can be constructed, 
hardware — -g eaputors - t The mechanical, magnetic, 
electrical, and electronic devices from which 
a computer is constructed. ^ 

head — — C eiuputoro « Samo =-a^- "magnetic head", * small 
electromagnet used for reading, recording o r 
erasing polarized spots on a magnetic surface. 
hflJrd?-- Computers. To retain the information con- 
t^d^jed^n one storage device after copyin g it 
into a second storage device. Opposed to "clear". 
hoTdlng beam — Computer Circuits. A diffuse beam 
qj/^lectrons for regenerating the charges stored 
on onel dielectric surface of an electrostatic 
memory xube or cathode ray storage tube. 



i ignore (noun) Output Devices. A typewriter 
raster indicating that no action whatsoever 
je^tdken. In the system of coding punched i n 
Teletype of Flexowriter paper tape, the char- 
acter "all holes punched" is an ignore, 
jfnity — Computers. Any number larger than the 
danum number that the computer is able to 
(toro^Tn any register. When such a number is 
calculated, the computer usually stops and sig- 
nals an alarm indicating an overflow, 
ifffspiation — 1. A set of marks or an arrange- 
hardware that has meaning or that des- 
ignates/ one out of a finite number of alterna- 
tives./ 2. Any facts or data, 
information word — Computers. 1. Machine word. 
2 information content of a machine word. 
A maciyine word often includes the separating 
space 'between it and the following (or preced- 
ing) word. 

inherited error — Machine Computation. The error 
iif^they initial values, especially the error ac- 
cumulated from the previous steps in a ste p- 
by^step integration. 

inpxtt^^epmpute^s-*^ Information transferred from 
^sec^uary-^Jrexte'rnal storage into the intern- 
al storage of the computer, 
input block — Computers. A section of the intem- 
al^tol^ge^ce served for receiving and processing 
input data. 

iuput egtfiipmep-t^ — Computers. The equipment used 
r6r talking information into a computer, 
input unit — Computers. The unit which takes into 
the computer information from outside the com- 
puter. 

instruction — Computers’. A maohine word o r a set 
af- cha r aetors . in m achine language which direct s 
the computer to take a certain action. M o r- » 

j wvriyply , nf pharartAr r: wh i c fr Hn fi im.n 

an— op&SIlJSS^fugether with one or more address- 
es i o - r n -o- add-re-s-y)- and which, as a unit, causes 
the computer to operate accordingly on the in- 
dicated quantities': Nii I hi Tln—trrm "i nstrn r. - 

1 --p r e f e rred - by -many to the terms "com - 
numa" Jjnd'V’order"; "command" is reserved for 
electronicl^signals ; "order" is reserved for uses 
in the meaning "sequence", as in "the order o f 
the characters". 

ijislrri^iop^code — Digital Computer Programming. 
The sVstemM^ symbols , names, and definitions 



of all the instructions that are directly in- 
telligible to a given computer or a given ex- 
ecutive routine. 

-trfbegpator — Analog Computers. A device whose 
Vaxp'tfcphutput is proportional to the integral 
of a varying input magnitude, 
interlace — Computers. To assign successive 
/ rapniM?yJ.ocation numbers to physically separ - 
cited memory locations on a magnetic drum, for 
exampleV-in such a way that access time to suc- 
cessive memory locations is greatly reduced, 
internal memory — -Gempuiei'T. — Th e total m e mory — ■ 
• or stora g e which IS accessible auiomatrie-al-l-y-- 
t o t hp- -6^fflptrtpY~~wjAjiout human inlHnr e nt i ( m. 
ThrirHgqfa ^^P^a n^nt egral physical part 
of the computer <antT fa ^ircctly - xont - rol 1 c -dJby 
Xlie-e-empu-teR. 



— Computers. Same as internal 




interpreti^E^^-Digital Computer Programming. An 
executive routine which, as the computation 
progresses, translates a stored program ex- 
pressed in some machine-like pseudo-code into 
machine code and performs the indicated oper- 
ations, by means of subroutines, as they are 
translated. Sto— interpreter is essent i ally — a 
edros ed- s ubr cu- tin e which— o perates successively 
^indefinitely long sequence of prog r am 
‘tecs (the pseudo-instructions and oper- 
Ptmayusually be entered as a closed 
subroutine and left by a pseudo-code exit in- 
struction. 

i^tgjpreter code — A code acceptable to an "in- 
tetpc^ter", which see. 

interpretive routine — Same as "interpreter", 
which— see. 

itptrj- 1. A separate piece of information; asep- 
ar^te^articular. 2. Digital Computer Pro- 
gramming. Ajjroup of fields reporting infor- 
mationNrtnJut a person or object. An example 
of an item is a punch card punched with e m- 
ployee's name in columns 1 to 12, employe e 
number in columns 13 to 15, weekly rate of pay 
in columns 16 to 19, and other standard in- 
formation about the employee in other columns. 

v - <x (x/) 

J.: rUimpyr- Digital Computer Programming. An in- 
^rwJtaon or signal which, conditionally or 
unconditionally, specifies the location of the 
next instruction and directs the computer t o 
that instruction. A jump is used to alte r 
the normal sequence in the control of the com- 
puter. Under certain special condition s , a 
jump may be caused by the operator's throwing 
a switch. 



7^ 



K: a key — Digital Computer Programming. A set 
oi dh^tacters, forming a field, used to ident- 
ify anrtem. 



latency — Digital Computer Programming. De- 
lay while waiting for information called for 
fy/oja-the memory to be delivered to the arith- 
metical unit. More specifically, in a serial 
storage system, latency is the access time 
minus the word time. For example, latency is 
the tl^e_sj3eflt waiting for the desired memory 
location to arrive under the heads on a mag- 
netic drum. 

xj^test — Computer Operation. A program 
lest \theinternal operation of a computer, 
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characterized by the property that it performs 
a sprigs of arithmetical or logical operations 
on one (section of memory locations, then trans- 
fers itsSlrf to another section, checks to s e e 
that the transfer is correct, and then begins 
the series of operations over again. Eventu- 
ally the checking program will have occupied 
every possible position in the memory and will 
begin again. The term "leapfrog" comes fro m 
the indicated jump in the position of the check- 
ing routine as seen on a monitoring cathode ray 
tube when it transfers itself, 
library — -- Digital Compute r Programa-ng .^-, A col- 
lection of standard and fully tested programs, 
routines, and subroutines, by means of whic h 
many types of problems and parts of problem s 
can be solved. 

lliaMa-tirae printing — Printing of a whole line 
^of^naracters at one time, usually by means of 
one typebar (bearing all characters) for each 
character space in the line, 
location — Digital Computers. A storage position 
ufn 4-he"1bain internal storage or memory, storing 
one computer word; a storage register. 
l^gic\ — Computers. In the phrase "logic of the 
comptttel:", same as "logical design", which see. 
logical comparison — Logic. The operation ofcom- 
U^rrfu? A and B; the result is 1 or yes if A is 
the same- as B and 0 or no if A is not the same 
as B (or vice versa) . 

logical design Soap stgEs -. Design that deal s 

with the logical and mathematical interrelation- 
ships that must be implemented by the hardware, 
logical operations — -CompEtBESL. The operations 
of comparing, selecting, making references 



^T^tTesJ 

loop 



(yes-or-no quanti- 



group of instructions in a routine. 



M: “machine cycle — Computers. The smallest per- 
ipcj/^f rime or complete process of action that 
repeits/itself in order. In some computers, 
"minor cycles " and "major cycles" are disting- 
uished, 

machine language Information in the 

physical form which a computer can handle. For 
example, punched paper tape is machine language, 
while printed characters on paper are not usual ly 
machine language. 

machine word — Digital Computers. A unit of in- 
f<f®iai 2 ion of a standard number of characters, 
whicb-a machine regularly handles in each reg- 
ister; For example, a machine may regularl y 
handle numbers or instructions in units of 36 
binary digits: this is then the "machine word". 

raagnetic^^pre C - o m p rnte^s-> / 4 - Fotw ^^ stora g e*^U- 

wfifereinf orraation is represented "aP the polar*-^ 

a-jqtinr y n^ r .t.h ni|| h nr sn| ||h-nnrtH 0 f a wire~ 

wound magnetically permeable core,— whri(!lr may be 
straig h t t -doughnut g s 1 raped , -e- tc . 
magnetic drum — -Gemp ute - r-s -> A rapidly rotating 
cylinder, the surface of which is coated with 
a magnetic material on which information may 
be stored as small polarized spots, 
magnetic head — Computers. A small electromagnet 
ireeli^op^reading, recording, or erasing polar- 
ized spots—bn a magnetic surface. 
mfcgne^j^Jneqory — Computers. Any portion of the 



memory which makes use for storage of the mag- 
netic properties of materials, 
magnetic tape — Tape made of paper, metal or plas- 
tic, coated or impregnated with magnetic mater- 
ial, on which polarized spots representing in- 
formation may be stored. 

m&gtijetjx wire — Wire made of magnetic material 
onwrf^i^btolarized spots representing informa- 
tion may be stored. 

maj-or cycle — Computers. In a memory device which 
success to storage positions one after 
anoxhe^, £he time interval between successive 
appearances of the same storage position. In 
other words, this is the time for one rotation 
of a magnetic drum or one recirculation of puls- 
es in a delay line. It is an integral number 
of minor cycles. 

fftal^unpiion — Computers. A failure in the oper- 
^aTioit of the hardware of a computer. 
ra6Vgiijal N 'checking — Computer Circuits. A system 
'tfi cte^ljgning electronic circuits so that the 
voltage\of the heaters of the tubes, ordinarily 
established at 6.3 volts, may be lowered if de- 
sired to 5 or 4.7 volts, and the circuits then 
tested to determine if they still continue to 
zL-joperate satisfactorily. 

The primary source of 

timing signals. 

ma\tbeifiafcical check — A check making use of math- 
ema£ipdinidenti_ties or other properties. For 
example, WrtiplJication may be verified by the 
mathematical check that A multiplied by B is 
the same as B multiplied by A, the two multi- 
plications being performed at different times 
and compared with each other. Frequent 1 y a 
small degree of discrepancy is acceptable; this 
is referred to as the tolerance, 
mathematical logic — Exact reasoning about non- 
nume^pal relations using symbols that are ef- 
ficient In calculation. Also called "symbolic 
logic". 

ragrcury memory — Digital Computers. Delay lines 
4sfng^iercury as the medium for storage of a 
circfuaiing train of waves or pulses, 
memory A^ ^omputera J* The — un i- ts which stor -e — i-n-~ 
Turuial loll "ill Lire— f-orm- o f - t h e ar rangement — o-f 
hordwa r c - or e ^«ipm e . nt .. i n-^a ^w ay^ o i. ' , auoth e- i . 
Same as "storage". 2 . • Affia e vx c-fr into which 



Same as "storage". 2 . ^ffia e v r ce- into which 
information can be introduced and extract^ 

-~ed at a later t-ime-^ ^ 

memory capacity. — The ametrrrt of information which 
a memory teiS^can store. -Jt-is often-m e asur ed— 



^ a Ls-O— beem-defirned . 

m£?pury__t|mk — A container of mercury holding one 
ofmorectelay lines storing information, 
merge To produce a single sequence of items, 
d ac cording to some rule (i.e., arranged 
in some~oiderly sequence) , from two or more 
sequences ptveiously ordered according t o the 
same rule, without changing the items in size, 
structure, or total number. Merging is a 
special case of collating, 
m^sj^ag p — A group of words, variable in length, 
transported as a unit, 
microsecond — A millionth of a second, 
millisecond — A thousandth of a second. 

minimum access programming Digital — Compirfci 

-e rogr-amm i n g-r-' Programming in such a way that 
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minimum waiting time is required to obtain in- 
formation out of the memory. - Also c a - H & d -- "mi -rri — 
mum-laten cy programming 1 ', o r "f -eroed-cbd-Ing^-. 
liraura i access routine — Digital Computer Pro- 

1 g. In a computer with a serial memory, 
ne coded with judicious arrangement of 
d instructions in such a way that actual 
waiting time for information from the memo r y 
is much less than the expected random acce s s 
waiting time. 

miliinmm latency programming — Same as "minimum 
^access programming", which see. 
nyjjitnum latency routine — Same as "minimum aocess 
routinfe^- , which see. 

minor cycle — Digital Computers. In a dig it al 
c^>ntaj*ter using serial transmission , the time 
required^ for the transmission of o^e machine 
word, including the space between words. 
miikcjJtee — Computers. A human error which results 
in wr'lfricorrect instruction in a program or in 
coding, 'an incorrect element of information, or 
an incorrect manual operation. 
modjJrier — Digital Computer Programming. A quan- 
tity^ sometimes the cycle index, used to alter 
the address of an operand, 
modify — Digital Computer Programming. 1. To al- 
teV'ljn^an instruction the address of the oper- 
and. 2. To alter a subroutine according to a 
defined parameter. 

^fibdulo n, check — Computers. A form of check di- 
l^gits, such that the number of ones in each num- 
bar-'Ayjperated with is compared with a che c k 
numbeij B carried along with A equal to the re- 
mainder of A when divided by n. For example, 
in a "modulo 4 check", the check numbers will 
be 0, 1, 2, or 3, and the remainder of A when 
divided by 4 must equal the reported check num- 
ber B, or else an error has occurred. 



N:^nb?i -eras able storage — Storage media which 
carmdt W^dr^s^d and reused, such as punched 
paper tapes and punched cards, 
nnn^volatile storage — Storage media which retain 
^iWorfnbtion in the absence of power, sue h as 
magnetic- tapes , drums, or cores, 
notation — Arithmetic. A manner of representing 
giunfibrs. If quantities are written in the scale 
of notation n, then the successive positions of 
the digits report the powers of n. Thu s 378 
in the scale of 10 or decimal notation, means 3 
hundreds, 7 \tens, and 8. 1101 in the scale of 

2, or binary notation, means 1 eight, 1 four , 
no twos, and 1 one. 764 in the scale of 8, or 
octal notation, means 7 sixty fours, plus 6 
eights, plus 4. 

numeric coding — A system of coding or abbrevia- 
Ltdton^in the preparation of machine language 
suen (tjiat all information is reported i n num- 
bers. For example, ten places such as Boston, 
New York, Philadelphia, Washington, etc., may 
be reported as decimal digits 0, 1, 2, 3 ...., 
whereas in "alphabetic coding" alphabetic ab- 
breviations BO, NY, PH, WA, ... would be accept- 
able to the machine. 



£:-^pc£*Sl JcUgit — One of the surabols 0, 1, 2, 3, 
4\' y 5(^o t n when used as a digit in numbering 
in eight * 

octal — N ot -a tion of - numbers' tn-tire scald"" 

o fr eight. Eo-t example , TTie~ number 217 in this 

jir.alfr-ffiAaiis 9 tiiwoc fl gqnaypH (2_x 64 — 128 ) , 



plus 1 times 8, plus 7, which equals 143 i n 
/decimaTlnotation. The number 217 in octal is 
^equal t^OlO, 001, 111 in binary, each octal 
digit being - changed directly into its binary 
equivalent. The octal notation is rather con- 
venient in dealing with binary machines because 
octal numbers ard-easier for human beings to 
read -than binary numbers, and yet the conver- 
sion is immediate. 

odd^verp-check — Use of a digit carried along 
asra <{hecJc-which is 1 if the total number o f 
ones in the machine word is even, and which is 
0 if the total number of ones in the machine 
word is odd, or vice versa. 

Ofr^address (adjective) — Digital Computer Pro- 
gramming.. Having the property that each com- 
plete instruction includes an operation and 
specifies the location of only one register 
in the memory. Also called "single-address", 
le data reduction — Reduction of data that 
rust^as^fast as the data flows into the re- 
duction process. 

open subroutine — Digital Computer Programming. 

A subroutine inserted directly into a linear 
sequqjjce^of instructions, not entered by a 
jump. Such\a subroutine must be recopied at 
each point that it is needed in a routine. 

ind — Computers. Any one of the quantities 
entering into or arising from an operation. 
An operand-may be an argument, a result, a pa- 
rameter, or an indication of the location of 
the next instruction. 

operating ratio — - - Computer Opeutiun . The ratio 
obtained by dividing (1) the total number of 
hours of correct machine operation (including 
time when the program is incorrect throug h 
human mistakes) by (2) the total number of 
hours of scheduled computer operation includ- 
ing preventive maintenance. F o r- exampl o^-dX- 

- thp c o m puter is sch e duled for three ~ s hi f l s 
)taLing 120 hours in a week, and if "prevent- 




takes 12 hours, and "unsched- 
_ ts to 3 hours, then the 
"operating ratio" is 87%^-r 
jergtion code — Digital Computer Programming. 
That part of an instruction which designates 
the opbeation of arithmetic, logic, or trans- 
fer to be performed. 

operation number — Digital Computer Programming, 
a-ntanber indicating the position of an opera- 
tioriLor its equivalent subroutine in the se- 
quence \forming a program. When a problem i s 
stated in pseudo-code, each step must sometimes 
be assigned an operation number. 

operator — Computers. The person who actually 
Inp'&rfftes the computer, puts problems on, press- 
es the Hrart button, etc. 

jimum programming — Programming which is the 
i's^from some point of view. See "minimum 
access programming". 

is" circuit — Circuits. A circuit which has two 
SUtpui lines and one output line, and which has 
the pVcmerty that whenever a pulse is present 
on one or both of the input lines, a pulse is 
provided on the output line. 

^ler — 1. Sequence. 2. Instruction. — Because 
^tMs possible confusion, the word "order" 
:h We v ^ meaning "instruction" is avoided by 
many computer people. 

output — Computers. 1. Information transferred 
from the internal storage of a computer to 
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se coritfary or external storage. 2. Information 
fnsfeij£ed to any device outside of the com- 
puter. 

output- block — Digital Computers. A segment of 
the~-ln$^rnal storage reserved for receivi n g 
data to DB-transferred out. 
outpuj^aquipment — Computers. The equipment used 
V-for tWnsfjerring information out of a computer, 
output unit — Computers, pie unit which delivers 
inf orraationi/outside 4rfi$^ oa 
4-anguage-r- 

overflow — ‘-Computer^'. In a counter or register, 
the production of a number which is beyond the 
capacity of the counter. For example, adding 
two numbers, each within the capacity of the 
registers holding them, may result in a sum 
beyond the capacity of the register that is to 
hold the sum: overflow. 

£: u/ ^pack — Digital Computer Programming. To cora- 
b^pe^everal different brief fields of inform- 
ation inti one machine word, For example, the 
fields of an employee r s pay number, weekly pay 
rate, and tax exemptions may be stored together 
in one word, each of these fields being assigned 
a different set of digit columns, 
parallel operation—* — Comp u ters The^flow of in- 
formation through t he— oompaten at any part of < 
c '''3 = £uj song t w o or - nwre ■ linoa or channels simult- 
aneously. 

:aljj&l storage — Computers. Storage in which 
"all axtsl op^characters, or words are essen- 
tially equally available in space, without time 
being one of tKe^coordi nates. Parallel storage 
contrasts with serial storage. When words are 
in parallel, the storage is said to be parallel 
by words; when characters within words are dealt 
with simultaneously, not one after the other, 
the storage is parallel by characters. 

— Digital Computer Programming. In a 
subroutine, a quantity which may be given dif- 
les when the subroutine is used in 
different parts of one main routine, but which 
usually remains unchanged throughout any one 
such use. To use a subroutine successfully in 
many different programs requires that the sub- 
routine be adaptable by changing its parameters, 
ty check — Use of a digit (called the "parity 
parried along as a check which is 1 i f 
the 'fctftajl number of ones in the machine word 
is odd, [and 0 if the total number of ones in the 
machine word is even. See "odd-even check". 

;h — Digital Computer Programming. A section 
inserted into a routine (usually by 
Ly transferring control from the routine 
to the datch and back again) to correct a mis- 
take or Walter the routine, 
permanent memory — Computers. Storage of inform- 
which remains intact when the power is 
turned~off; for example, storage on a magnetic . 
drum. j __ — 

plotting board — Computers. An output unit which 
p\9*tL'the curves of one or more variables as a 
function of one or more other variables.^ 
pj^wboard^) Punch Card Machines. A removable 
Lodraholping many hundreds of electric term- 
inals intlo which short connecting wire cord s 
may be plugged in patterns varying for differ- 
ent programs for the machine. To change the 
program, one wired-up plugboard is removed and 
another wired-up plugboard is inserted. A plug- 




board is equivalent to a program tape which 
presents all instructions to the machine at 
one time. It relies on X-punches and other 
signals in the punch cards passing through the 
machine to cause different selections of i n- 
structions in different cases, 
jjftid-int^unit — A subassembly of tubes , resistors, 
coifdewsers, diodes, etc., wired together, which 
is of standard type and which as a whole can 
be plugged in or pulled out easily. 

*oint — Arithmetic. In a scale of notation, the 

S designated with a dot that marks the 
on between the integral and fractional 
the number. Called "decimal point" 
in the scale of 10 and "binary point" in the 
scale of 2. 

;st m ortem (noun) — Digital Computer Program- 
ming. A diagnostic routine which either auto- 
matically or when called for, prints out in- 
formation concerning the contents of all or a 
specified part of the registers of the comput- 
er, after a problem tape has "died" on the 
computer. The purpose of a post mortem tape 
is to assist in the location of an error in 
coding the problem or in machine function, 
-ision — Computation. The degree of exact- 
n^sj with which a quantity is stated, as con- 
trasted!, with "accuracy", which is the degree 
of exactness with which a quantity is known 
or observed. The number of significant fig- 
ures measures the precision of a number. For 
example, in "computer power required is 55.7843 
kilowatts", the number is precise to six fig- 
ures, but its accuracy certainly is much less, 
prestore — Digital Computer Programming. 1. To 
getfri an initial value for the address of an op- 
erand or a cycle index. 2. To store a quantity 
in an available or convenient location before 
it is required in a routine, 
printer — Computers. An output mechanism which 
Iprf'nts or typewrites characters, 
program C omputers . 1 . A prec i s e se- 

quence of coded /instructions for a digi t a 1 
computer^ ttf^^lvfr^a^ p lf o S fcenu — fitot e - : - F or - tfej s^ 
<mie»ningT==the-tETffl "routine" i c preferred — bu yl 
sa m e- p e opl e^ A - p l- a n-for tne -soi-imon^o^-^r" 
^projkbem. A complete program includes plans 
^r ych<»/f2anscription of data, coding for the 
computer, (^nd^plans for the effective use o f 
the results. 

pro^r^m'^y^rW'^^To make a program. 
prog ram parameter — Digital Computer Prograra- 
~rnIBg^oA parameter incorporated into a s u fa- 
routine xiqring computation. A program param- 
eter frequently comprises a word stored rela- 
tive to either the subroutine or the entry 
point and dealt with by the subroutine during 
each reference. It may be altered by the rou- 
tine. It may vary depending on . point of entry. 
:ara register — Digital Computers. The reg- 
the control unit of the compute r 
which scores the current instruction of the 
program and thereby completely controls the 
operation of the computer during the cycle of 
execution of that instruction. Same as "con- 
trol register". Also called "program counter”, 
ned checking — Computers. A system of 
whereby (1) before running any prob- 
lem P a\|^mple problem of the same type with 
known answep is run, and (2) mathematical or 
logical checks of operations, such as comparing 
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jx B with B x A, are included in the program 
Tor P, and (3) reliance is placed on a ve r y 
h^iglTbrobability of correctness rather than 
builtv-in error-detection circuits. 

programmer — A person who prepares sequences of 
iWtN^uctions for a computer, without necessar- 
ily converting them into the detailed codes, 
logjam-sensitive error -- Computers. An error 
arisTng from unforeseen behavior of some cir- 
cuits! discovered when a comparatively unusual 
combination of program steps occurs. 

program step — Computers. A step in a program, 
usually one instruction. 

program tape — Computers. The tape which contains 
tte-'S^quence of instructions to the computer 
for solving a problem. 

psteudo-code — Digital Computer Programming. An 
afitIWary-uode, independent of the hardware of 
a computer, which must be translated into com- 
puter code if it is to direct the computer. 

psejido-random (adjective) — Computation. Having 
the-'tnqoperty of being produced by a definite 
calculation process, but at the same time sat- 
isfying one or more of the standard tests fo r 
statistical randomness. 

pulse Circ n i -te-y In general, a sharp difference 

between the normal level of 
spoadirRg-Xo-4fee--aver ag e-- h e ight --o f a wave- a nd^a 
higher low level of that medium corresponding 
L -td the-^£fistr-or trough of a narrow wave; often, 
a sharp voltage change. 

code — A set of pulses to which a particu- 
lhr'Tteanin g h as been assigned; the binary rep- 
resentaTTons^ of a character. 

pundh card — Computers. A card of constant size 
and^shape, suitable for punching in a pattern 
that nas^neqning, and for being handled mech- 
anically. The punched holes are usually sensed 
electrically by wire brushes or mechanically 
by metal fingers. 

punch card machinery — Machinery which operates 
witff N punch cards. 

punche4^tape — Paper tape punched in a patter n 
oiholfes so as to convey information. 

pu#ch) position — In the case of 80-column punch 
cards\the-position of a punch in a row on the 
card, denoting a decimal digit 0 to 9, or what 
are called an "X punch" (row ll),ora"Y punch" 
(row 12) . 

jjt^oliantity — A positive or negative real num- 
b^r^jki the mathematical sense. Note: The term 
"quanti ty" i s preferred by some computer people 
for referring to numeric data; the term "number" 
is preferred in the sense of integer or natural 
number, as in "the number of digits". 

R : random access Gom pu - t ers-r- Access to the 

memory or storage under conditions where the 
next register from which information is to be 
obtained is chosen at random. -F or e xam p l e-r-afr-- 
> r . ftss — i n name s in hook K ,r t ^nd onv 

Access,"; the next name that anyone is going to 
1 pole uplin-the book may be almost anywhere in 
the book with roughly equal probability, 
inborn access programming — Programming a problem 
Jr^la computer without regard to the tim e for 
access to the information in the registe r s 
called for"in the program. Contrasted with 
"minimum access programming". 



' % 



random number — A number formed by a set of di- 
t^selected from a random sequence of digits. 
A sequence of digits is random whenitis con - 
s true ted Dy-a process under which each suc- 
cessive digit is equally likely to be any of 
/the n digits to the base n. 

raflfdmemory — Computers. The section of the 
whole-memory from which information may be 
obtained the most rapidly. 

^e^dn — Computers. LTo copy, usually from one f odd 
o£^>torage to another, particularly from ex- 
ternal \r_ secondary storage to internal stor- 
age. 2. To sense the meaning recorded in a r- 
rangements of hardware. 

ajir-around-ratio — Digital Computers. In cath- 
oaeH rav-t ube storage, the number of times that 
information\can be recorded successively as an 
electrostatic charge on a single spot in the 
array, before the charge on surrounding spots 
in the array must be restored if not to be 
lost. This number is referred to also asthe 
"read-around". 

time — In solving a problem, a speed suf- 
ent to give an answer in the actual time 
durintpwh^ch the problem must be solved. For 
example, 'in the case of a human being driving 
a motor car: at 30 miles an hour he can regu- 
larly solve nearly all his problems in real 
time; and at 100 miles an hour he will regu- 
larly fail to solve some of his problems in 
real time. 

real time operation — Computer Operation. Solv- 
MTlcTp Yobl ems in real time. More precisely, 
processing data in time with a physical pro- 
cess so thzHkthe results of the data-process- 
ing are useful in guiding the physical opera- 
tion. 

red-tape operations — - Digital C o m p ut er Piugidiir- ' 
rndag. Computer operations called for by a 
program which do not directly contribu t e to 
solving the problem!, nam e ly , a r i t h m e t It a 1 , 
Lo g ical-^- and-tr ansf e r ope r atio ns-used-dHi-mod- 
if% ing/thej addjesSNsection of other instruc- 
tion^; in 'opitfiting cycles, in rearrang i n g 
date, etc. 

redundant check — Computers. A check which uses 
extra digits in -naeMne- words, but not com- 
plete duplication, to help detect malfunctions 
...and mistakes. 

^eel^^-A-JSjjool of tape, generally magnetic tape. 

reference record — Digital Computer Programming. 
W^output of a compiler that lists the opera- 
tions ard— their position in the final specific 
routine, anil contains information describing 
the segmentation and storage allocation of the 
routine. 

regenerate — Digital Computers. In the operation 
\j?f\e3\ectrdstatic storage, to restore informa- 
tion Wrrently held in a cell on the cathode 
ray tube screen in order to counteract fading 
and disturbances. 

register — Com p uters^ The hardware for storing 
one maoMnc word. 

:ive address — Digital Computer Programming. 
A\Ial)M/ttsed to identify the position of a 
memory location in a routine or subrouti n e . 
Relative addresses are translated into abso- 
lute addresses'^by adding some specific "ref- 
erence" address, usually the address at which 
the first word of the routine is stored. For 
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example, if a relative address instruction spec- 
ifies an address n and the address of the first 
word of the routine is k, then the absol u t e 
address of the memory location is n+k. 
re^aj^ye coding — Digital Computer Programming. 
Cod^ijSKin which all addresses refer to an arb- 
itrarilyselected position, or in which all ad- 
dresses are represented symbolically, 
rjepetition rate — Computers. The fastest rate of 
^i^tronic pulses usually used in the circuits 
of theNmachine. 

reproducer — Punch Card Machines. A punch card 
machine that punches cards to agree as may be 
specified with other cards, 
r^pun — Digital Computer Programming. To run a 
aujfbgpam or a portion of it over again on the 
computer. 

retyrn^point — Digital Computer Programming. One 
of planned-for points in a program 
such thAt if an error is detected in between 
two suchqrarfits, to rerun the problem it is only 
necessary to go back to the last rerun point, 
instead of returning to the start of the prob- 
lem. Rerun points are often three to five min- 
utes apart so that very little computer time 
is required for a rerun. All information per- 
tinent to a rerun is available in standby reg- 
isters during the whole time from one rerun 
point to the next. 

re'ru|i routine — Digital Computer Programming. A 
rcnTfritie designed to be used in the wake o f a 
malfunctfon or a mistake to reconstitute a rou- 
tine from the last previous rerun point, 
r^set^y To return a register to zero or to a spec- 
ified initial condition. 

revolver — Analog Computers. A device for resol v- 
^-rfig^a^vector into two mutually perpendicular 
components. 

rewind — Computers. To return a magnetic tape 
toTts beginning. 

rollback — Digital Computer Programming. Sam e 
Wv^rerun”, which see. 

restore — Computers. To return a cycle index, 
a variable address, or other computer word to 
its initial value. See also "reset” 

round off Comp u tat rett-. To change a moraprecise 

quantity to a less precise one, usuall^'choos- 
ing the nearest less precise one* -s-e e "pr -e Gi s - ^ 
ion - " -, — 

ling error — Computation. The error resulting 
dropping certain less significant digits 
of~a quantity, and applying some adjustment to 
the more~slgnificant digits retained. Als o 
called "roumi-off error". A common round-off 
rule is to t^ke the quantity to the neares t 
digit. Thus pi, 3.14159265..., rounded to four 
decimals is 3.1416. Note: Alston S . Householder 
suggests the following terras: "initial errors", 
"generated errors", "propogated errors" and 
"residual errors". If x is the true value of 
the argumeht, and x* the quantity used in com- 
putation, tVen, assuming one wishes f(x),x-x* 
is the initialX-e^ror; f (x) - f(x*) the prop a - 
gated error. If fa is the Taylor, or other, 
approximation utilized, then f(x*) - f a (x*)is 
the residual error. If f* is the actual result 
then f a - f* is the generated error, and thi s 
is what builds up as a result of rounding. 

operations wmcn a digrtal— xrcmiputer ^ perfo"rm~ 
-2- — Ihe- soqucncc of- inst r uc t ions dctorm -i-n-1 ng 



these operations. 3. A set of coded instruc- 
tions arranged in proper sequence to dire c t 
the [computer to perform a desired operation or 
series of operations. See also "subroutine" 
and "program". 

roll out (verb) — Computers. To read out of a 
^■""^egister or counter by the following process: 
adflvto the digits in each column simultaneous- 
ly; a-a this 10 times (for decimal numbers); 
when the result in each column changes from 9 
to 0, issue a signal. 

ru£(noun) — Computers. 1. One performance of 
aprogram on a computer. 2. Performance of one 
routX^, or several routines during which the 
human operator does not have to do anything. 

jS: scale (verb) — Computcrt bmt. To changet*hre 

-scale— (that i s , the units^ in which a variable 
is expressed so as_U> bring it within the cap- 
acity of the' a^cMn^or p rogram-a4— hand . 

| ale factor — Computation. One or more factors 
'uited'tlo multiply or divide quantities occur- 
ring i n^a_probl em and convert them into a de- 
sired range, such as the range from plus one 
to minus one. 

eeen — Circuits. In an electrostatic storage 
■trobe-^ the surface where electrostatic charges 
are sVpred. In a pentode, one of the grids, 
tcpndary storage — Computers. Storage that is 
noV) an integral part of the computer but dir- 
ectiry\linked to and controlled by the computer; 
for example, magnetic tapes. 

^gment (noun) — Digital Computer Programming. 

(a routine too long to fit into intern a 1 
storage, a part short enough to be stored en- 
tireljkin the internal storage yet containing 
the coding necessary to call in and jump auto- 
matically to other segments. Routines which 
exceed internal storage capacity may be auto- 
matically divided into segments by a compiler, 
segment (verb) — To make segments. 
sense~TVerb) — Computers. 1. To determine the 
arrangement of some element of hardware, es- 
pecial 3 manually-set switch. 2. To re a d 
holes punched in paper. 

se'htinel — Digital Computer Programming. A sym- 
oo1\jnarking the beginning or the end of some 
pieceXjf information such as a field, item, 
block, tape, etc. a tag. 

select — Logic. To take A if the report on a 
'“cErt^in condition is yes, and take B if the 
report is no. 

S£l£ctor — Punch Card Machines. A mechanism 
whWf\reports a condition and causes a c a r d 
or an operation to be selected accordingly, 
luence (verb) — Logic. To select A if A is 
greater than or equal to B, and select B if A 
is lVs^than B, or some variation of this op- 
eration. 

Ijience checking routine — A checking routine 
checks on every instruction executed, 
Ling certain data. It may be designed to 
printout the coded instruction with addresses, 
and the\contents of each of several registers 
for eaclr instruction as it is executed. Or it 
may be designed to print out only selec ted 
data, such as transfer instructions when they 
occur, and the quantity actually transferred . 
Many variations are possible. A good flexible 
sequence checking routine will provide for sev- 
eral variations in itself. 
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sequence-control tape — Program tape. (ob s o- 
leSCFnt. term) . 

sequential control — Computers. The manner o f 
^^cfit^rol of a computer in which instructions to 
it ar^set up in a sequence and are fed in that 
sequence to the computer during the solution 
of a problem. 

sequencer — Punch Card Machines. A mechanism 
v ~v\ftyjch will put items of information in sequence. 
It will determine if A is greater than, equal 
to, or less than B, and will accordingly route 
cards containing A and B into a pocket at dif- 
ferent times. 

serial - Compute**-*- Handled one after the other 

in a single piece of equipment. 
serial - ope r ation - — Gosputers-j The„flow of i n- 
formation through t h e— c om p ut er or i n- any part 
of "rtTfising only one line or channel at a time. 
Co ntrasted with — ' - ’parallel operatio ns " 
frijl storage — Computers. Storage in which 
time^-xsr'bne of the coordinates used to locate 
any given^bit, character, or (especially) word. 
Storage in which words, within given groups of 
several words>-,appear one after the other i n 
time sequence, and in which access time there- 
fore includes a variable latency or waiting 
time of zero to many word-times, is said to be 
serial by word. Storage in which the indiv - 
idual bits comprising a word appear in time 
sequence is serial by bit. Storage for coded- 
decimal or other non-binary numbers in which 
the characters appear in time sequence is ser- 
ial by character; for example, magnetic drums 
are usually serial by word but may be serial 
by bit, or parallel .by bit, or serial by char- 
acter and parallel by bit, etc. 

il transfer — Computers. A system of data 
tisano^er in which the characters of an element 
of information are transferred in sequence o- 
ver a single path in consecutive time pos i- 
tions . 

ice routine — Digital Computer Programming. 
A(routine designed to assist in the actu a 1 
operatJL qn of the computer. Tape comparison, 
block location, certain post mortems , and cor- 
rection routines fall in this class. » . _ 

shift -- jTo m Qjye^the -&harao4e&6- of - a -u ni-t -o f-i -n— 
ferjaatlafl^al^iranwi-sa right or left. In t h e 
case of a number, this is equivalent to multi- 
plying or dividing by a power of the of - 

not at ion — Cusaal-ly-t-en-o r two K — This is re ~ gu- ~ 
perf orpjed— as— a-TTpe'cfair'rap id operation, 
rauclt-t^sXe^th^n^usuar^muItiplication or d i- 
vislonT 



sign 



— A «*e= 



zzero used to designate 



the algebraic sign of a quant ity^pl us or minus. 

‘ Ticant digits — If the digits of a number 
areH^nked according to their significance, 
and thesitonificance of a digit is great e r 
when it occng j.es a column corresponding to a 
higher power oFTfre base, then the significant 
digits of a number are a set of digits from 
consecutive columns beginning with the most 
significant digit different from zero and end- 
ing with the least digit whose value is known 
or assumed to be relevant, 
simulation — The representation of physical sys- 
^n^-fay 
quipmerrl 



n\p_Jjioun) — An instruction to proceed to t h e 
nex£\ instruction; a "blank" instruction. 

.o\i memory — Computers. Sections of the mem- 
"ory\from which information may be obta i n e d 
auttmratically but not at the fastest rate of 
the several sections. 
son\jcdelay line — A delay line which uses pulses 
lrTThe molecules of the medium, in contrast 
with anelectrical delay line which uses elec- 
trical pulses in a wire or in an assembly o f 
coils and capacitors. 

— To arrange items of information according 
ttr'iqles dependent upon a key or field con- 
tainect~~by" the items, such as previously chosen 
classes of items. 

Ler — Punch Card Machines. A machine which 
soft's cards according to the punches in a spec- 
if ieaVolumn of the card, 
specific coding — Digital Computer Programming. 
Coding— iq which all addresses refer to spec- 
ific registers and locations, 
specific routine — Digital Computer Progranming. 
jtine expressed in specific computer cod- 
ing designed to solve a particular mathemati- 
cal, logical, or data-handling problem, 
standardize — Computation. To adjust the e x- 
{Wnent and coefficient of a floating-p o i n t 
result*o that the coefficient lies in the 
prescribed normal range. 

stqtic storage — Computers. Storage such that 
infoT tq ation is fixed in space and available 
at any time provided the power is on; for ex- 
ample, flop, electrostatic, or coincide n t- 
current magnetic-core storage. 
ijiCx subroutine — Digital Computer Program- 
ming. A subroutine which involves no param- 
eterscKher than the addresses of the ope r- 
ands. This is a subroutine which requires 
only the relative addresses of the operands, 
their insertion, and its transformation from 
relative to specific coding^^, 

storage Gomp ufe r ^ — lrv-^ie-utti4=whdci^^^ — 

pr retains items of information. 2. Any de- 
vlcelnto which information can be introduced, 
held, and - then extracted at a later time. The 
mechanism or medium in which the information 
is stored need not form an integral part of 
a computer. Synonyms: memory, store (in Eng- 
lish usage) . 

^forage capacity — Same as "memory capacity", 
wfrreh-'ssee . 

storage operation — One of the operations of 
''^''■•EeediTin , transferring, storing, or writing 
information. 

storage register — A register in the memory or 
atrora ae o f the computer, in contrast with a 
register in one of the other units of the 
computer. 

storage tube — Same as "electrostatic stora g e 
tube^v-N^rhich see. 

s4oxe — foqun) — Same as "storage", which see. 
stgre (verb) — To transfer a piece of inforraa- 
tiW-tqa device from which the information 
unalterech-can be obtained at a later time, 
subprogram — A part of a program, 
subroutine — - Computers -. — h r A short or~ r e p eated 



b y com puters, models, and associated e- 
enTI " 

^address — Same as "one-address", which see. 



-seq-uonee of ins tructions tor a comp- ut e r 
. . solve — a- part of a - p r oble m ; a part ofaroutine. 

— 2. Thp gpqitAnr .n nf in - it -w i/O inm : - t~tr 

d i*ee4-4rhe-eomptrter to carry ' out - a^weHHiefined 
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'mathematical or logical operation; a subunit of 
'routine. A subroutine is often written in 
relative'' or symbolic coding even when the rou- 
tine to which it belongs is not. 
tanary punch — Punch Card Machines. A punch 
Wrd\ machine which may be attached by a many- 
wireVable to another machine (for example, a 
tabulator) , and which will punch out on a card 
the information produced or calculated or sum- 
marized by the other machine. 

Ltion check — Computer Operation. A redundant 
checkin which groups of digits are summed, us- 
uallyv?ithout regard for overflow, and that sum 
checked against a previously computed sum to 
verify accuracy of computation. 

^olic address — Digital Computer Programming. 
jObabelr-chosen to identify a particular wor d, 
function \or other information in a routine, in- 
dependent''^: the location of the information, 
within the routine. Also called "floating ad- 
dress". 

symbolic logic — Exact reasoning about nonnumeri- 
cal relations us i^^s^mbols that are efficient 
in calculation. siihjpc.t. b awi 
as- Boolean alqehra t lias- h ao n - o fL r.nns irfprahl p ac- 
. s i s ta n ce-i-n— t-be~ 1 og-i-&a4- design o f--a-o-M-fMi44--n--xj 
circuits,. — Al so c al.l ed --. ^'m atAe»aAi^el-irogtc' , *T 
synchronous computer — An automatic digital com- 
put er whe^ e the performance of all or d- i n a r 
operat ions starts with equally spaced signal s 
from a master clocks • 

ibulator — Punch Card Machines. A punc h 
cai?€kmachine which takes in punch cards and in- 
structions and produces lists, totals, and tabu- 
lations of the information on separate forms or 
on continuous paper. 

tag\, — Digital Computer Programming. A uni t of 
refor mati on, whose composition differs from 
that ofother members of the set so that it can 
be used as a marker or label; a sentinel, 
tankv — A unit of delay-line storage, usually of 
merG*try^aiid_operating acoustically, containing 
a set of channels each forming a separate re- 
circulation path. 

t apq_^ ~ C omputers. Magnetic tape or punched paper 
tape, sometimes other kinds of tape, 
tape feed — A mechanism which will feed tape to be 
read—or sensed by the machine, 
temporary storage — Computers. Internal storage 
Tofc^tiqns reserved for intermediate and partial 
results. 

test routine — Digital Computer Programming. A 
^"rdtrn>ne»jie signed to show that a computer is func- 
tioning properly. 

th'i^e^address (adjective) — Digital Computer Pro- 
gramming. Having the property that each cod- 
pleteH^istruction includes an operation and 
specifies the location of three registers. 

:orjgue amplifier — Analog Computers. A device 
jessing input and output shafts and supply- 
ing Wqrk to rotate the output shaft in pos i- 
tional correspondence with the input sha f t 
without imposing any significant torque on the 
input shaft. 

t^apfe — Computers. In a magnetic drum or magnetic 
tap&r~a- single path containing a set of pulses, 
transcribe — To copy, with or without translating, 
irW^ne external storage medium to another, 
transfer (verb) — 1. To transfer data; to copy, 



exchange, read, record, store, transmit, trans- 
port, or write data. To transfer does not 
modify the information. 2. To transfer control 
of a computer. 

tfSnafel; (noun) — An act of transferring. 

tranter check — A check that an operation of 
transferring has been correctly carried out. 

transfer -xifip^ictijxn -^-Di g - ital Comp u te r - Prc gratB- 
wiagk — An - ine truotitm^Fe^a ignal which condi- 
tionally or unconditionally specifies the 1 o- 
cation of the next instruction and directs the 
computer to that instruction. 

y^nsform — Digital Computer Programming. T o 
c\§nge information in structure or composition 
witm>ut__significantly altering the meaning or 
value; to normalize, edit, or substitute. 

t£<mslate — Computers. To change information f ran 
<nte\enguage to another without significantly 
affecting the meaning. 

trdublje-location problem — A test problem whose 
rficqprect solution supplies information on the 
locatiW of faulty equipment; used after a check 
problem has shown that a fault exists. 

tr(5\ibl e-shoot — To search for the cause foracod- 
ing^istake or a computer malfunction in order 
to remove it. 

triplicate — Computation. To drop digits of a num- 
be\or terms of a series thus lessening preci- 
sion^. See "precision". For example , the number 
pi "3.r4159265. . . ." is "truncated" to three 
figures in "3.14". 

^uncation error — Computation. The error r e- 
■Ttfrng from the use of only a finite number 
of teisms of an infinite series, or from the ap- 
proximation of operations in the infinitesimal 
calculus by operations in the calculus of finite 
differences. 

tfuffl(c — A path over which information is trans- 
fe^rddT a bus. 

t^ijucheck — A continuous check of computer oper- 
atidhg achieved by duplication of the hardware 
to perform them together with automatic compar- 
ison. 

i^address (adjective) — Digital Computer Pro- 
granining. Having the property that each com- 
plete^nst ruction includes an operation and 
specifies the location of two registers, usually 
one containing an operand and the other the re- 
sult of the operation. 

U: unconditional transfer Digital Gompirt e~r— 



j-n arily obtains i 4^- ^nstruc tion s-^ r-i^lTy--fr om 
air 'ordered “sequence , 6b i ft^truc^ HMi-which causes 
the following instruction to be taken from a n 
address which is not the next one in the sequence. 
Ind — Digital Computer Programming. To code 
^icitly, at length and in full, all the op- 
eratWis of a cycle, in such a way as to elim- 
inate all' red-tape operations. Unwinding irfay 
be performed automatically by the compute r 
during assembly, generation, or compilation, 
uqpack — Digital Computer Programming. T o sep- 
ari*t£_gpacked items of information each into a 
separate-machine word. See "pack". 

V\ validity — Computation. Correctness, espec- 
Ty'^hk^degree of closeness by which an iter- 
ated approximation approaches the desired cor- 
rect result. 
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variable cycle operation — - Computer Operation. 
Operation of a computer whereby any cycle of 
operation may be longer or shorter than the 
average. This is the kind of operation in an 
"asynchronous computer". 

verifier — 1. Punch Card Machines. A punch 
caisd machine operated manually which reports 
by kignals whether punched holes have been in- 
serted in the wrong places in a punch card or 
have not been inserted at all. 2. Computers. 
An auxiliary device on which a previous manual 
transcription of data can be verified by com- 
paring a current manual transcription of it 
character-by-character during the current pro- 
cess. 

verify — 1. To check, usually with an automat- 
ic macMne, one typing or recording of data 
against'another in order to minimize the num- 
ber of human errors in the data transcription. 
2. In preparing information for a computer, 
to make certain that the information as pre - 
pared is correct. 

volatile memory — Computers. Memory or storage 
iaviV g th e property that if the power is turn- 
ed off7~the, information vanishes; delay line 
memory, electrostatic storage tubes. 
voJ^ti>|^e^storage — Same as "volatile memory". 

W: Williams tube^g*- Di g i t al -C ompu ters . A cath- 

ode-ray tub e^jor electrostatic storage of in- 
formation of the type designed by F.C. Williams, 
-ef-t hc Bi ri v er s i ty of — M a nch e st e r, England -. 

word Digi tal Computer s. An ordered set o f 

- characte rs' whici ^has^aj . least one meaning, and 
is stored and by the computer cir- 

cuits as a unit. - Also called "maohino wor(F '. 
■QrdA naril y-r- a word ha s— a fixed - number ofch a r - 
aetersr- and is Lreaied by the c o ntrol unit -as 
an instructi o n , - a ad-by — t he a r i t hm e tic u n it -as 

a quantity .. For exam ple^-a^computer-may-regu- 

larlv h andl&~numbers~or~instructions~in~units 
o f_Ji6ubi n a ry -dig i t s . 

sd-time^ — Digital Computers. Especially i n 
ice to words stored serially, the time 
required Nv to transfer a machine word from one 
storage device to another, 
wooing storage — Digital Computers. A portion 
of^fhb internal storage reserved for data up- 
on whhrirsjperations are currently being per- 
formed, ana\for intermediate and partial re- 
sults, like a work-sheet in pencil and paper 
calculation. 

^te — Digital Computers. 1. To copy infor- 
don usually from internal to external sto- 
rageV 2. To transfer information to an out- 
put med ium. 3. To record information in a 
register, location, or other storage device or 
medium. 



zero — Digital Computers. The computer's 
iceptions of zero. Note : The computer may 

provide for two zeros. Positive binary zero 
is represented by the absence of digits o r 
pulses in a word. Negative binary zero in a 
computer operating with ones' complements may 
be represented by a pulse in every pulse posi- 
tion in a word. In a coded decimal computer, 
decimal zero and binary zero may not have the 
same representation. In most computers, there 
exist distinct and valid representations both 
for positive and for negative zero. 



(Z&ro-address instruction — Digital Computers . 
^vAn-anstruction specifying an operation in 
whi^h the location of the operands are d e- 
finecT~by the computer code, so that no address 
need be given explicitly. 

^§j?o-access storage — Digital Computers. Stor- 
age^for which the latency or waiting time is 
always negligible. 

zero-suppression — The elimination of non-sig - 
^-hiXicant zeros to the left of the integral part 
ofa^uantity before printing is begun. T o 
suppress these zeros is one of the operations 
in editing. 

zone r- 1. Punch Cards. Any of the three top 
"^positions 12, 11, and 0. In these zone posi- 
t i onsa\s econd punch can be inserted, so that 
with puncHSs in the remaining positions 1 to 
9, enough two-punch combinations are obtained 
to represent alphabetic characters. 2. Digi- 
tal Computers. A portion of internal storage 
allocated for a particular purpose. 
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ROSTER OF ORGANIZATIONS IN THE FIELD OF 
COMPUTERS AND AUTOMATION 
(Supplement, information as of November 3, 1954) 

The purpose of this Roster is to report organizations 
(all that are known to us) making or developing 
computing machinery, or systems, or data-handling 
equipment, or equipment for automatic control and 
materials handling. In addition, some organiza- 
tions making components may be included in some 
issues of the Roster, Each Roster entry when it 
becomes complete contains: name of the organization, 
its address and telephone number, nature of its in- 
terest in the field, kinds of activity it engages 
in, main products in the field, approximate number 
of employees, year established, and a few comments 
and current news items. When we do not have com- 
plete information, we put down what we have. 

We seek to make this Roster as useful and inform- 
ative as possible, and plan to keep it up to date 
in each issue. We shall be grateful for any more 
information, or additions or corrections that any 
reader is able to send us. 

Although we have tried to make the Roster complete 
and accurate, we assume no liability for any state- 
ments expressed or implied. 

This listing is a supplement to the cumulative 
Roster in the November, 1954 issue of "Computers 
and Automation", vol. 3, no. 9, and contains only 
additions or revisions as compared with that list- 
ing. 



Abbreviations 

The key to the abbreviations follows: 

Size 

Ls Large size, over 500 employees 
Ms Medium size, 50 to 500 employees 
Ss Small size, under 50 employees (no. in 
parentheses is approx, no. of employees) 

(continued on page 35) 
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Analog Computers and their Application to Heat Transfer 

and Fluid Flow - Part 2 

(The Bibliography will be published in a forthcoming issue; Part 1 was published in the November, 1954, issue) 



John E. Nolan 

Westinghouse Electric Corporation, Pittsburgh 30, Pa. 



A d-c electronic analog computer should 
include devices for multiplying a machine var- 
iable by a positive or negative coefficient, 
for generating the sum of two or more machine 
variables, for generating the product of two 
machine variables, for generating arbitrary 
functions of machine variables, 33 and for gen- 
erating the time integral or the time deriva- 
tive of a machine variable. The three basic 
elements which are interconnected to perform 
many of these functions are resistors, capac- 
itors, and d-c amplifiers. The d-c amplifier 
is really the heart of this computer. Inter- 
connections are made easily by means of patch 
cords and front panel jacks. Potentiometers 
can be used to set constant coefficients or 
can be wound to represent special functions. 
Multiplication or division can be effected by 
servomotor positioned potentiometers and trig- 
onometric functions can be obtained by means 
of resolvers. The computer would also include 
regulated power supplies to furnish the volt- 
ages needed for the operation of the electronic 
components, means for recording or measuring 
the d-c voltage in the machine, and control 
circuits for starting the computation with the 
correct initial condition settings and for 
stopping the machine after the computation is 
completed. 

D-C electronic analog computers have been 
used to solve linear differential equations 
with constant coefficients,^ linear ordinary 
differential equations with variable coeffi c- 
ients,|| nonlinear ordinary differential equa- 
tions, and sets of linearly independent si- 
multaneous equations. They have been used 
to study separately excited generators,^ t o 
study variable displacement hydraulic sys- 
tems,^ for trajectory calculations ,3 to solve 
aircraft flight equations, 3 and for the anal- 
ysis and synthesis of servomechanisms. 33 



Special Purpose Computers 

Because analog computers are reliable in 
operation, capable of continuous service over 
extended periods, and comparatively small and 
inexpensive, many have been constructed for 
special problems. One computer was constructed 
to determine the yield of radioactive isotopes 
produced by a pile or other source of radia- 
tion.^ This computer could be used for any 
problems involving similar equations. Another 
was built to rapidly evaluate a in the equa- 
tion cosh 2 a S/ cosh 2 a T^A, where S, T, 
and A were known. Others have been con- 
structed for the solution of phase equilibria 



in flash vaporization of mixtures of hydro- 
carbons, 1 ° for solving secular equations,* ® 3 
for the solution of partial differential equa- 
tions,®^ for analyzing wave equation boundary 

value problems, *03 anc j f or multicomponent 

fractionation calculations.^* 



Application of Analog Computers 
to Heat Transfer Problems 



Analog computers of various types have 
been used to obtain solutions to the many prob- 
lems concerned with the transfer of he a t . 
Those problems specified by ordinary or partial 
differential equations or involving unsteady 
state heat transfer can be solved by means of 
general purpose electrical computers. The gen- 
eral purpose computer at the California Insti- 
tute of Technology has been used to solve the 
ordinary differential equations concerned with 
the temperature rise in rotating electric ma- 
chines during variable load cycles, to find 
the steady-state temperature distributi o n in 
a gas turbine rotor, and to solve various par- 
tial differential equations. *39 Electric cir- 
cuit models for partial differential equations 
have been described by Kron.®^ The Heat and 
Mass Flow Analyzer (HMFA) at Columbia Univer- 
sity is designed primarily for solving problems 
of unsteady-state heat conduction in solid s 
with definite radiation and convection bound- 
ary resistances. *33 The HMFA is a continuation 
in this country by Victor Paschkis of work 
done in Europe on a method first devised b y 
C. L. Beuken. It has been used to provide 
solutions to many problems — including those 
involved in regenerator operation, *32 solid- 
ification of metals, *32 determination of eco- 
nomical insulation thickness ,*09 the influence 
of through metal on heat loss from insulated 
walls, *35 and the setting up of chart s and 
graphs on heat conduction problems. **3 Temper- 
ature patterns have been determined b y geo- 
metrical analog methods. **9 This method con- 
sists of setting up an electrically conductive 
flat sheet to represent the heat transfer prob- 
lem in question (current flow represents heat 
flow), applying the proper potentials to the 
edges of the sheet, and finding poten ti a 1 
(temperature) patterns by means of a probe. 
Special electrical analog techniques have been 
used to analyze heat exchanger performance. *33 
Special electrical analog computers have been 
constructed for particular thermodynamic cal- 
culations,*** for analyzing a heating sys- 
tem, *37 and for studying the thermal behavior 
of houses. *37 Also, hydraulic**^ and air 
flow**® analogy techniques have been used to 

(continued on page 27) 
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LET G-E TUBE SERVICE 
INCREASE YOUR SHARE OF A 



FAST-GROWING COMPUTER MARKET 




Estimates say that the com- G.E. is their largest builder. In 
puter market — business, military, line with performance require- 

and research — will triple in the ments that become steadily more 
next five years. Here are substan- advanced, G.E. is devoting exten- 
tial sales and profits for computer sive research and development to 

builders who can meet their cus- still newer tubes for tomorrow's 

tomers’ demands for fast, efficient circuits — types that will be avail- 

equipment. able for you when you need them. 

G.E. offers experience and fa- G.E. offers you close coopera- 
cilities to strengthen your com- tion at the tube-design level . . . 
petitive position . . . will analyze application help by experienced 
your circuit in terms of its spe- tube engineers. . .local-laboratory 
cific tube requirements, and select help in checking tube perform- 

the right types to give you opti- ance in your circuits . . . fast order 

mum performance. You will re- and delivery service from G-E 
ceive every help in actually testing tube warehouses coast-to-coast. 

G-E tubes in your computer, from Most i mpor tant of all, General 
the time the latter is still in the Electric has ready . . . now ... a 

breadboard" stage. line of special computer tubes for 

Special computer tubes were your immediate needs. They are 

pioneered by General Electric. described on the next page. 







000 

5 SPECIAL G-E TUBES FOR COMPUTERS 
DESIGNED FOR HIGH-SPEED CIRCUITS 




ALSO: 5 important reasons why these G-E computer 
tubes all do an efficient job . . . reliably: 

High-perveance design. 

Low heater power requirement. 

Balanced, sharp cut-off characteristics. 

Cathodes specially designed for on-off dependability. 
Life-tested under cut-off conditions. 



GL-6211 



9-pin medium-mu twin triodefor binary- 


■counter 


or amplifier applications. 




Max cathode current, per section 


14 ma 


Max dissipation, per plate 


1 w 


Max tube dissipation 


2 w 


Grid voltage required to 




cut off plate current 


-10 v 


Heater current 


.3 amp 





GL-6463 

9-pin high-capacity twin triode for extra-fast 
computers. Especially suited to frequency- 
divider circuits. 

Max cathode current, per section 
Max dissipation, per plate 
Max tube dissipation 
Grid voltage required to 
cut off plate current 
Heater current 



- 




GL-5915-A 




Dual-control heptode, for use primarily as a 
coincidence-gating tube. 


Max cathode current 


20 ma 


Grid voltage required to 
cut off plate current 


-10 v 


Typical plate current in gating 
service ("on” condition) 


5.8 ma 



GL-5965 

9-pin twin triode for high-speed computer 
use as binary-counter or amplifier tube. 

Max cathode current, per section 15 ma 
Max dissipation, per plate 2.2 w 

Max tube dissipation 4 w 

Grid voltage required to 

cut off plate current —5.5 v 

Heater current .45 amp 



(.it 

r.J 



n 






Get complete information! 
Write to Tube Department, 
General Electric Company, 
Schenectady 5, New York. 



GL-5844 

Medium-mu twin triode, for use as 
counter or amplifier tube in moderately 
high-speed computers. 

Max cathode current, per section 9 ma 
Max dissipation, per plate .5 w 

Max tube dissipation 1 w 

Grid voltage required to 

cut off plate current —10 v 

Heater current .3 amp 
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study heat transfer problems. 

When a solid mass changes temperature as 
a result of the exchange of heat between it- 
self and its surroundings, there are variable 
temperature gradients in the mass, a series of 
isothermal surfaces, a nonuniform chang i n g 
field within it, related to the time rate o f 
heat gained or lost by the mass, and a time to 
attain steady state. This is known as the un- 
steady state of heat transfer ancf may be as- 
sociated with heat transfer through the mass 
into one face and out from another. *33 



where t =s time. 

T =• temperature at x, y, z at time t. 
q = rate of heat supply per unit volume, 
k = thermal conductivity = A =. Btu/ (hi) 
(sq.ft) (deg F /ft). R t 
d = density = mass per unit volume, 
c = specific heat — heat capacity per 
unit mass =• Btu/ (lb) (deg F ) . 
cd — Cj. =* Btu/°F (cu.ft) . 

If q = o and k, d, and c are constants, equa- 
tion (1) takes the form 



Mathematical calculations of the effect 
of any imposed conditions on a given mass de- 
fined by shape, size, and the physical prop- 
erties of its materials, have depended upon 
the solution of Fourier's differential equa- 
tions for these conditions. Those cases that 
can thus be solved with acceptable simplicity 
are relatively few in number and exclude most 
of those of industrial importance. The diffi- 
culties imposed by the mathematical approach 
are partially overcome by graphical methods. 
These methods are based on the replacing of 
each differential equation by an equation o f 
finite differences, a process sometimes called 
step integration. Graphical methods, however, 
are tedious and of limited application. E x- 
perimental solutions of industrial problems of 
unsteady state heat transfer, depending upon 
inserted thermocouples or other thermometric 
devices and upon some means of measuring the 
rate of heat transfer, are difficult, expensive, 
and often impossible under service conditions. 

In addition to these mathematical, graph- 
ical, and experimental methods!33 0 f solving 
unsteady heat transfer problems, there is the 
electrical analogy method. The analogies be- 
tween the flow of heat and the flow of elec- 
tricity!30 an d electrical models for the sol- 
ution of heat problems!26 have long been known. 
Early models were based on a geometrical sim- 
ilarity between the body subjected to heat flow 
and the model body. The application of general 
purpose computers to heat transfer problems is 
based on the identity in form of the fundament- 
al equations of heat flow and the flow of e- 
lectricity. The electrical analog bears n o 
geometrical similarity to the body being in- 
vestigated. Thus, a single electrical general 
purpose computer can be used for a wide variety 
of heat transfer problems. 




{ It 





(a) 



where a = k = thermal diffusivitv-_L_ - sq.ft 
c d R t^t ^ r 

The study of a thermal problem by the e- 
lectrical analogy method involves the following 
steps . *** 



(1) Set up the analogous conditions by 
calculation. To calculate the circuit for a 
distributed irregular region or medium of any 
shape, consider that the region is composed of 
discrete parts or sections. The size and shape 
of these sections are governed by the config- 
uration of the region, the boundary conditions, 
and the required accuracy of solution. Each 
section is represented by one lump in the e- 
lectrical network. The electrical values for 
the lumps are calculated on the basis of the 
geometrical dimensions of the section repre- 
sented; capacitance is proportional to volume 
and resistance is proportional to the ratio 
of the thickness per cross sectional area. 132 
Radiation and convection surfaces for the re- 
gion can be represented by boundary resistances. 



(2) Build the R-C circuit to represent 
the heat transfer problem. 



(3) Subject the circuit to the appropri- 
ate analogous initial and boundary conditions. 
Voltages would be applied to the circuit t o 
represent temperatures and currents to repre- 
sent flow. Transient or intermittent boundary 
conditions such as sudden applications of heat 
or changes in temperature can be reproduced. 
The resistances and capacitances can beacjjuste d 
to represent changes in k, c, d, or the surface 
boundary conditions. 



The general form for the differential e- 
quation for heat conduction in solids can be 
written as:112 







(0 



(4) Measure the electrical quantities, 
such as voltage and current, ® at the points 
at which the temperatures and heat flows are 
to be measured in the region or medium under 
investigation. 
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(5) Convert the results of the electrical 
investigation into heat units by calculation. 
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The fundamental similarity between the problems. Three-dimensional problems of course 
defining equations for the flow of heat within require a much greater number of resistors, 
a rigid body and that of charge in an electric capacitors, and other electrical equipment, 
circuit are shown in Figure 2 on page 31 . The Analogous circuits for three-dimensional ele- 
solution of heat transfer problems by this e- ments 123 are shown in Figure 3, page 32. The 
lectrical analogy method is based on two prin- connection of the resistances into a grid i n 
ciples.134 q^e first principle is the mathe- accordance with the respective positions of 



matical identity of the equations for heat flow 
and for certain electrical circuits and is ex- 
act. The second principle is the replacing of 
a circuit with evenly distributed properties 
by one with lumped properties and is approxi- 
mate. Essentially this second step involves 
the replacing of each partial differential e- 
quation by an equation of finite differences. 

To represent a one-dimensional heat-con- 
duction problem by an electrical circuit the 
following procedure would apply. *33 Such a 

problem might arise in the case of heat flow 
across an infinite slab or through a rod i n- 
sulated at the sides or in the case of a steam 
heated insulated pipe. Express the various 
quantities Rt, Ct, q, T, xt, and tt (defined 
in Figure 2 on page 31) for the thermal circuit 
in any desired consistent system of units. 
Choose a consistent system of units (not nec- 
essarily the same) for R e , C e , I, V t Xg, and 
t e in the analogous electrical circuit. Then 
make xg = xt and divide the thermal circuit into 
elements of dx t length and the corresponding 
R e , C e cable into an equal number of elements 
of length dxg. Give every element dx e the 
same number of units of electrical resistance 
(R e ) and electrical capacitance (C e ) , as the 
corresponding element dx t has units of thermal 
resistance (R t ) and thermal capacitance (Ct) . 
It is not necessary that the thermal path be 
of uniform cross section or that the elements 
dx t be equal. Then by equations (3), (4), (5), 
and (6) f or (7) and (8) of Figure 2, page 31, 
all the readings for V and I taken in the e- 
lectrical circuit at the points defined by x e 
and t e will be numerically equal to values of 
T and q in the thermal circuit at points de- 
fined by xi and t t for Xg =: x t and t e — t t . 

Since R^ and C e occur only as a product, 
the result will not be changed if R e and C e 
are changed individually. Refer to Figure 2, 
page 31. In equation (7), V can be replaced 
by nR e C e or nGff^Cg/m, and t e can be replaced 
by nt e without altering the form of the solu- 
tion. Since in equation (3) dV is replaced by 
k dV and R e is replaced by nmR 0 , I is therefore 
replaced by I(k/nm), Since in equation ( 5) 
dV is replaced by k dV and C e is replaced b y 
C e /m, Q e is therefore replaced by Q e (k/m) . 
By suitably choosing k, m, and n, the electri- 
cal analog may be operated at convenient volt- 
ages and transient time intervals and may b e 
built with feasible magnitudes of resistance 

and capacitance. 133 

The methods used -for one-dimensional prob- 
lems can also be applied to three-dimensional 



each element and the connection of the bottom 
terminal of all capacitors to a common ground 
form the analogous circuit representing the 
entire body. The choice of coordinate systems 
depends upon the shape of the body and the bound- 
ary conditions. In many problems there is a 
certain degree of symmetry which can be advant- 
ageously used to reduce the number of compon- 
ents required in the network; e.g., in a cylin- 
drical problem with axial symmetry it is nec- 
essary to use only a two-dimensional netwo r k 
in the z and r coordinates. Coefficients of 
surface heat transfer can be represented by re- 
sistances and transient boundary condition s 
can be approximated. 

Any problem in physics or engineering which 
can be specified by partial differential equa- 
tions, such as occur in heat flow, fluid flow, 
or stress problems, can be approximated by e- 
lectrical networks. By extending the methods 
described above networks can be constructed for 
many more complex equations, such as those for 
transient heat flow. 129 

The possibility of changing the time scale 
is of paramount importance for the practicabil- 
ity of the method. The time ratio TR = t e /t+ 
=■ aC e R e where t e is the time in the electrical 
circuit, t^ is the time in the thermal circuit, 
a is the thermal diffusivity, CL is the elec - 
trical capacitance, and R e is the electric al 
resistance. With a low TR, a heat proces s 
whose actual time may be hours or days coul d 
take a few minutes in the analog. With a high 
TR, a heat process whose actual time is frac- 
tions of a second could take several minute s 
in the analog. By changing the time scale, 
times are achieved which permit a pract ical 
experimental run and allow easy reading of the 

instruments. 133 

From the standpoint of time, electrical 
analog heat flow computers may be divided into 
three groups: long-time computers whose runs 
last from several minutes to several ho urs, 
intermediate-time computers whose runs last 
from fractions of a second to several seconds, 
and short-time computers whose runs last frac- 
tions of a second. The RC time constant for 
these computers has to be considered from var- 
ious aspects: namely, cost of equipment, leak- 
age, instrumentation, and manipulation. Because 
of the infinite variety of the possible designs 
for each type it is difficult to compare costs. 
As far as leakage goes, the short-and intermed- 
iate-time computers permit the use of small, 
extremely high quality capacitors and require 
low resistances which result in favorable use- 
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ful to leakage resistance ratios. In short- 
or intermediate-time computers oscilloscopes 
or oscillographs are needed and the resultant 
accuracy is 2 - 5%. Long-time computers can 
use multiple point or slower recording instru- 
ments or instruments which print every two sec- 
onds. The attainable accuracy is 1/3 to 1/5%. 
When varying boundary conditions are specified, 
the short- and intermediate-time computers re- 
quire special input circuits for each differ- 
ent boundary condition but the long-time com- 
puters can make use of continuous or stepwise 
manual control. For voltage dependent param- 
eters (such as arise from the temperature de- 
pendence of thermal conductivity or specific 
heat) short- and intermediate-time computers 
require electronic circuits or cam drive e- 
quipment. In long-time computers the changes 
can be effected in steps from observation o f 
instrument readings by manual switching or 
automatic relay operation. Some problems in- 
volve physical happenings such as two materials 
in and out of thermal contact. If alternation 
is at regular intervals depending ontimeonly, 
no difficulties are encountered in the short- 
time apparatus. However, if the intervals are 
irregular or depend upon observations during 
the run of the test, only long-time computers 
are feasible. In conclusion, it may be said 
that the short-time computer is well suited 
for more qualitative analysis of problems with 
constant paramenters. The intermediate-time 
computer's field of greatest significance is in 
problems with simple operating conditions and 
constant parameters. The long-time computer 
is the most versatile apparatus and, so far, 
is indispensable for complex problems and for 
nonlinear parameters. -*-32 

The limitations of these methods are in- 
strument errors, inaccuracies due to leakage 
and stray currents, inaccuracies due to lump- 
ing, and the need to know such physical con- 
stants as specific heat, density, thermal con- 
ductivity, and film conductance. However, this 
last is not too serious a problem because these 
properties are often known within limits (to 
10% anyway). Besides, it is possible to de- 
termine these properties experimentally or op- 
erate the analog in reverse to establish the 
properties. 1^1 To counteract the inaccuracies 
due to leakage, use a small number of lumps. 
To counteract the inaccuracies due to lumping, 
use a large number of lumps. Therefore, it 
can be seen that for a given problem a pract- 
ical compromise must be achieved. If the num- 
ber of lumps is constant during a test run, 
the error is independent of the length of the 
run. The selection of nonuniform cross se c- 
tions or lumps does not appear to influence 
accuracy. Therefore, the lumps can be chosen 
to give a greater number of readings in that 
part of the body to be investigated which i s 
of greater interest. *34 



Application of Analog Computers 
to Fluid Flow Problems 

Analog computers of various types have 
been used to obtain solutions to many 
problems concerned with the flow of fluids. 
The Westinghouse Mechanical Transients Ana 1- 
yzer was used to determine flow and pressure 
conditions in a penstock as a function of flow 
at the gate. I 4 ? The general-purpose computer 
at the California Institute of Technology was 
used to solve various partial differential e- 
quations concerned with fluid flow. 129 Even 
before 1943 an electrical device was used for 
the analysis of the complex problems of reserv- 
oir and well behavior. 140 

Electrical analogy techniques have been 
advantageously employed in the analysis of 
many diverse hydraulic sys terns. *50 ^n equiv- 
alent circuit for any hydraulic system may be 
readily derived from two-terminal networ k 
analogies for each hydraulic component. A 
table of such analogies given in the cited ref- 
erence is shown in Figure 4, page 33. The e- 
quations for system behavior may then be writ- 
ten and solved according to standard electric 
network analysis procedures. These methods 
can be most profitably applied in the field of 
automatic control, particularly servomechanisms. 

Network calculators, such as the one at 
the Illinois Institute of Technology, have been 
used to solve the increasingly complex prob- 
lems of calculating gas flows and pressure 
drops in gas distribution systems. 143 it i s 
necessary to develop a relationship between 
analogous electrical and gas flow equations 
and then choose and adjust the electrical com- 
ponents to duplicate the gas distribution 
system. Also, an electrical network analyzer, 
comprised of special tungsten filament lamps 
whose nonlinear resistance characteristic s 
closely approximate the fluid flow resistance 
of pipelines, has been constructed for solving 
the simultaneous head-loss equations for a 
pipeline network. *48 

Two-dimensional compressible fluid flow 
problems have been solved on adjustable resist- 
ance d-c calculating boards. 152 The convenient 
analogy employed is that between the equations 
of two-dimensional fluid flow and of conduction 
of electric currents in a plate for which the 
conductance is a function of the voltage grad- 
ient or of the current density. Since present 
day d-c boards are built for the analysis of 
short circuits in power systems, it is planned 
to build a new d-c board consisting of more 
units of higher accuracy which will b e more 
suitable for field problems. 

The Hydraulics Division of the Civil En- 
gineering Department at the Ma s sach u s etts 

(continued on page 42) 
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Figure 1 — Operational Amplifier Circuits 
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lo Conservation of 
scalar quantity 

2o Scalar point function 

3o 

4o Resistance concept 
5o Capacity concept 



6 0 One dimensional form 
of heat conduction 
equation for solids 



7o Flow 

8. Capacity 

9o Resistance 

10 0 Heat flow across an 
infinite slab 



ANALOG COMPUTERS 
E LECTRICA L 

Charge (Coulombs) 

Electric Potential (Volts) 

0hm J s Law 

R e = dV/I (3) 

R^ = electrical resistance 
I - current through R e 
dV = difference in poten- 
tial across R^ 

C e = Q e /dV (5) 

C e = electrical capacity 
Q e = charge stored in C e 
dV = rise in electrical 
potential of C P due 
to Q e 

jv _i_ f V 

^''ReCe. < 7 > 

t e = time in electrical 
circuit 

x e = distance along cable 
V = electrical potential 
at x e at time t e 

Amperes = Coulombs/sec 

Farads = Coulombs/volt 

Ohms = Volts/Coulomb/Sec 



THERMAL 
Heat (-Btu) 



Temperature (Degrees) 

Fourier 5 s Law 

R t = dT/q (4) 

Rj. = thermal resistance 
‘q = heat flow through R^ 
dT = difference in tempera- 
ture across R^ 

C fc = Q t /dT (6) 

Ct = thermal capacity 
= heat stored in C-^ 
dT = rise in temperature 
of C-^ due to Qjj 

AX _! YT 

d+ t = R t C t (8) 

= time in thermal circuit 

X£ = distance along flow path 
T = temperature at x-^ at 
time t^ 

Btu/min 

Btu/degF 

degF/Btu/min 

A - surface of slab 
B - first layer of slab 
material 

C - second layer of slab 
material 

D - surface of slab 




Figure 2 — Comparison of Electrical and Thermal Relations 
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ANALOG COMPUTERS 
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CYLINDRICAL COORDINATES 




SPHERICAL COORDINATES 
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TRANSIENT HEAT FLOVT EQUATION 

v x T» '/ a *%♦ f(t) 



I/a s cd/k 

f(t) - arbitrary heat funotion applied to system 
Required boundary conditions can be handled by suitable 
potentials* 
o - Specific heat 
d - Density 

k - Thermal conductivity 
T - Temperature 




Figure 3 — Analogous Electrical Circuits for Three-Dimensional Thermal Elements 
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ANALOG COMPUTERS 
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ELECTRIC ANALOGY 
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ANALOG COMPUTERS 



HYDRAULIC SYSTEM: 

Uniform frictionless pipe line 
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ELECTRICAL SYSTEM? 
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Figure 5 — Electrical -Hydraulic Analogy 
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PATENTS 

Hans Schroeder 
Milwaukee, Wisconsin 



The following is a compilation of patents 
pertaining to computers and associated equip- 
ment from the Official Gazette of the United 
States Patent Office, dates of issue as indi- 
cated. Each entry consists of: patent number/ 
inventor (s) / assignee / invention. 

September 21, 1954 : 2,689,683 / P M Gloess 
and G J R Piel, Paris, France / Socle te 
d ’Electronique et d 'Automatisrae, Paris , 
France / Means for combining trains of num- 
ber-representative pulses with various am- 
plitudes . 

2,689,684 / A Laternser, Horgan, Switzerland/ 
Landis A Gyr, A.G., Zug, Switzerland / Mech- 
anical integrator for thermal quantities 

Sep tembe r 28 , 1 954 : 2,690,302 / G V Nolde, 
Berkeley, Calif / Marchant Calculators, Inc 
/ Counter using a plurality of grid-control- 
led gas tubes 

2,690,303 / G V Nolde and H K St. Clair, Ber- 
keley, Calif / Marchant Calculators, Inc/ 
Decade counter using vacuum tubes 
2,690,507 / W Woods-Hill, Letchworth, and D T 
Davis, Wandsworth Common, London, Eng / 
Inti Bus Machines Corp, NY, NY/ Electron- 
ic multiplier 

2,690,531 / K A Marggraf and WF Massman, 
Lemont, 111 / Ampatco Laboratories Corp, 
Leraont, 111 / Electromechanical integrator 

October 5. 1954 : 2,691,100 / N F Moody and 

W D Howell, Deep River, Ont, Canada / Natl 
Research Council, Ottawa, Ont, Can / Elec- 
tronic binary counter 

2.691.151 / P M G Toulon, New York, NY/ Pro- 
ducts and Licensing Corp, N Y, and N Moore 
and W D Hall / Selective switching sy stem 

2.691.152 / R Stuart-Williams , Princeton, N J 
/ Radio Corp of Amer / Switching system us- 
ing an array of magnetic cores with binary 
numbers assigned to them 

2.691.153 / J A Rajchman and R Stuart-Williams, 
Princeton, N.J / Radio Corp of Amer / Com - 
mutator switch using an array of magnetic 
cores 

2.691.154 / J A Rajchman, Princeton, N J / 
Radio Corp of Amer / Magnetic information 
handling system using a plurality of mag- 
netic cores with multiple windings on each 

2.691.155 / M Rosenberg, Trenton, and R Stuart- 
Williams, Princeton, N J / Radio Corp of 
Amer / Matrix of magnetic cores for infor- 
mation storage 

2.691.156 / J Saltz, Phila, Pa, and C S Warren, 
Collingswood, N J / Radio Corp of Amer / 
Magnetic memory reading system 

2.691.157 / R Stuart-Williams, Pacific Pali- 
sades, and M Rosenberg, Santa Monica, Calif 
/ Radio Corp of Amer / Magnetic memo r y 
switching system 



2,691,727 / J J Blair, Nutley, N J / Inti 
Standard Elec Corp, New York, NY/ Impulse 
storing and distributing circuit using a 
cathode-ray type tube 

October 19. 1954: 2,692,082 / 0 Cesareo, Wash- 
ington Twp, Bergen County, and W B Strick- 
ler, East Orange, N J / Bell Telephone Labs, 
Inc, New York, NY/ Automatic calculator 
2,692,365 / F R Milson, Boreham Wood, Eng- 
land / S Smith & Sons (England) Ltd, Lon- 
don, Eng., and Furzehill Labs, Ltd, Bore- 
hara Wood, England / Servo system incorpor- 
ating electric motors and amplifier cir- 
cuits 

ROSTER OF ORGANIZATIONS 
(continued from page 23) 

When Established 

Le Long established organization (1922 or 
earlier) 

Me Organization established a "medium" time 
ago (1923 to 1941) 

Se Organization established a short time ago 
(1942 or later) (no. in parentheses is 
year of establishment) 

Interest in Computers and Automation 

Dc Digital computing machinery 

Ac Analog computing machinery 

Ic Incidental interests in computing machinery 

Sc Servomechanisms 

Cc Automatic control machinery 

Me Automatic materials handling machinery 

Activities 

Ma Manufacturing activity 
Sa Selling activity 
Ra Research and development 
Ca Consulting 
Ga Government activity 
Pa Problem-solving 
Ba Buying activity 

(Used also in combinations, as in RMSa 
"research, manufacturing and selling 
activity") 

*C This organization has kindly furnished us with 
information expressly for the purposes of the 
Roster and therefore our report is likely to be 
more complete and accurate than otherwise might 
be the case. (C for Checking) 



ROSTER 

Bendix Computer Division Bendix Aviation Corpora- 
tion, 5630 Arbor Vitae St., Los Angeles 45, 
Calif. / ORegon 8-2128 / *C 

Electronic information processing machines,. 
Electronic computers; data processing equip- 
ment; automatic control systems; Decimal Digi 
tal Differential Analyzer Model D-12; general 

(continued on page 43) 
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Economies in Design of Incomplete Selection Circuits 



Arnold I. Dumey 

Potter Instrument Co., Great Neck, N.Y 



The design of complete rectangul a r 
switching matrices and of incomplete triode 
matrices has been well covered. (See "Syn - 
thesis of Electronic Computing and Con trol 
Circuits”, by the Staff of the Computation 
Laboratory, Harvard University Press, 1951, 
and references cited therein.) Herein set 
forth is a method of producing all of the 
most economical choices for location of di- 
odes where it is desired to select N<2 n out- 
puts individually by means of n bipolar in- 
puts. We employ the manipulations of Boolean 
algebra, using for convenience -sand, v = 
or. Note particularly the absorption law, 
a (avb) 3 a v ab = a 

Consider the case of the three bipolar 
inputs, corresponding to 2°=a, = b, 22= c 

and a matrix where it is desired to select 
only the combinations 0, 1, 3, 6, and 7. In 
binary form: 

Column Line 

c b a 

0 0 0 0 

0 0 1 1 

Oil 3 

110 6 

111 7 



to shut out 0 if any other number is called 
for, we must have a rectifier at a and a or 
b and b or c and c or b or a. Symbolically, 
a (avb) (bvc) (cvbva) , which reduces by absorp- 
tion to a (bvc) . Therefore column a and one 
of the other two must be rectified. For line 
1 we need ab(avbvc) (bvc) = ab. In other words, 
line 1 needs rectifiers in columns a and b. 

For line 3: (avb)b(avc)c = be 

For line 6: (bvc) (cvbva) (cva)a=a(bvc) 

For line 7: (cvbva) (cvb)ca = ac 

The complete network is given in Figure 1. 

The Boolean expression to be reduced can 
be taken immediately from a symmetric table 
which is easy to produce for any n variables, 
although its size for any n-fl represents an 
increase by a factor of 4. Such a table for 
n=4 variables is given in Figure II, which 
clearly displays its method of construction 
and extension. 

Using the table, in the example first 
given, the intersections of row Owith columns 
1, 3, 6, and 7 yield a (avb) (bvc) (avbvc) . For 
row 3 against columns 0, 1, 6 and 7 we ge t 
(avb) b (avc) c . 



To insure that line 0 will not be picked 
up if the line 1 is energized, the matrix mist 
contain a rectifier on the 0 line in col umn 
a. To prevent pickup of the 0 line if 3 is 
called for, there must be a rectifier in either 
column a or b on the 0 line. In other words, 



Obviously, where there is more than one 
choice, for example, line 6 in the problem, 
the point to be picked for rectification can 
be selected on considerations of loading, 
symmetry, packaging, or at random. 

- END - 




Figure I 
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Figure II 




Digital 

Computer 

Techniques 



Applied to 
the design, 
development 
and 

application 

of 



Electronic Business Systems 
Military Radar Fire 
Control Systems 

Aircraft Control and 
Navigation Systems 



The successful application of 
Hughes airborne digital computers to high 
speed aircraft fire control problems has 
opened up an entire new area for these 
digital computer techniques. 

Similar equipment is now under development 
in the Advanced Electronics Laboratory 
to apply such digital computer systems to modern 
business information handling. 



Areas include 



LOGICAL DESIGN 

COMPONENT DEVELOPMENT 

PROGRAMMING 

MAGNETIC RECORDING 

CIRCUIT DESIGN 

INPUT & OUTPUT DEVICES 

SYSTEMS ANALYSIS 



Hughes developments in these fields 
are creating new positions in the 
Advanced Electronics Laboratory. 
Exceptional men in the 
following spheres of endeavor 
are invited to apply: 



+ 



Engineers 
and Physicists 



Computer activities embrace systems planning 
and analysis, design and development, system 
engineering and component development. Experi- 
ence in these areas, as well as in application of 
electronic digital computers, is desirable but not 
essential. Analytically inclined men with back- 
grounds in systems work are required for this 
phase. 

i 

Hughes 

RESEARCH AND DEVELOPMENT LABORATORIES 

Culver City, Los Angeles County, California 

Assurance is required that relocation of the applicant 
will not cause disruption of an urgent military project. 



Scientific 

and 

Engineering 




FREQUENCY CONVERTER-MODEL 400 









!*•« 



!*•» 



A 400-CYCLE POWER SUPPLY 
BENCH SIZE 



• Plugs into 60-cycle line 

• Delivers 100 volt-amperes 

• Output frequency and 

amplitude adjustable 
through entire AN-E-19 
Range: 380-420 cps 
105-1 30 volts 



Frequency Regulation: Better than ±1 cps ) , , , 

Voltage Regulation: Better than ±1% > power factor 

Harmonic Distortion: Total better than 3% ) 

The small size (1 7" long x 1 1 W* wide x 9" high), power output 
(100V-A), and low cost afford the convenience of using one 
converter for each bench set-up. Four hundred cycle power • 
handling capacity need be paid for only as required. 

PRECISION VOLTAGE REGULATOR-MODEL 116 
400-CYCLE 

• Regulation: ±0.01% for 0 to 50 VA load variation 

±0.02% for 0 to 100 VA load variation 
(When output set to center of ±10% input 
voltage variation) 

• Developed harmonics: better than 1% 

• Transient time constant: better than 0.01 seconds 

Low harmonic distortion and 
low transient time constant re- 
sult from the use of a push-pull 
feedback amplifier in the out- 
put. These features, together 
with the unusually high regu- 
lation, suggest the superiority 
of the Model 116 as compared with 
ordinary 400-cyde regulators. 



Send for complete data on these Avion products 



OTHER AVION PRODUCTS 

Altitude & Air Speed Control Units > Electronic Choppers • Electronic Inverters 
Magnetic Memory Systems • Miniature Plug-In Amplifier Units • Miniature Precision Potentiometers - 
Multron • Power Supplies * Replaceable Subminiature Amplifier Assemblies » Signal Generators 



£ AVION 

INSTRUMENT CORP. 

° Division of American Car and Foundry Company 

299 Highway No. 17 • Paramus, New Jersey 



EXPORT REPRESENTATIVE? Racks International Corp.. 13 E. 40th Street, New York 16, N. Y. 
Cables: "ARLAB" New York « All Codes 






CANADIAN REPRESENTATIVE; Aeromotive Engineering Products, 
5257 Queen Mary Road, Montreal, Que. 
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Austin engineers will be glad to review with 
you your special problems in: 

• Automatic Data Recording and Processing 

• Computers and Converters Analog and Digital 

• Magnetic tape to punched Card Conversion 

• Control Devices and Automation Systems 

• Systems Engineering Services for Industry 



AUTOMATIC DATA 
RECORDING SYSTEM 



A completely redesigned data recording system 
making full use of tbe latest printed circuit and 
modular construction techniques. It will accept data 
from 15 or more input channels on a time sharing 
basis. An oven-stabilized crystal-controlled time base 
unit initiates data samplings at precise intervals 
starting from either an external or internal time 
zero. Time numbers, data input identification and 
data block symbols are synthesized, and recorded 
with the data. 

The final record can take a variety of forms. The 
data can be recorded on magnetic tape in any 
desired sequence or code. The tape itself can be the 
final record or it can be converted by the system 
to punched cards or printed or punched tape. 



THE AUSTIN COMPANY 

76 NINTH AVENUE 




SPECIAL DEVICES DIVISION 

NEW YORK 11, N. Y. 



PUBLICATIONS 



P2 5 : NUMBLES — NUMBER PUZZLES FOR 
NIMBLE MINDS. Report. Contains 
collection of puzzles like: 



TRY 

4- T H E S E 

= T W V A S 



HAVE 
+ FUN 

= W A S E 



and TRAIN your 

4- WITS , 

= E N T N S 

WYE =VIF 

In fact, you can also: 

90893 85202 44393 29081 

(Solve for the digits -- each letter 
stands for just one digit 0 to 9) 



All are new numbles, additions, multiplications, 
etc.; some easy, some hard. Each with two messages, 
one open, one hidden. Hints for solution. Good 
exercises in logical reasoning Si. 00 



P14: CIRCUIT ALGEBRA— INTRODUCTION. Report. Ex- 
plains simply a new algebra (Boolean algebra modi- 
fied to include time) that applies to on-off cir- 
cuits, using relays, electronic tubes, rectifiers, 
gates, flip-flops, delay lines, etc. Covers both 
static and sequential circuits. Applications to 
control, programming, and computing. Problems and 
solutions involving circuits $1.90 

P16: SYMBOLIC LOGIC— TWENTY PROBLEMS AND SO- 
LUTIONS. Report. Contains some problems by Lewis 
Carroll and John Venn (out of print), and many 
other new problems. Guide to using symbolic logic 
in actual situations $1.80 

Your money is returned at once if you are not sa- 
tisfied. You can see these for almost nothing — 
why not take a look at them? Send request direct 
— not through a dealer. (P.S. We also offer 19 
more publications, and 26 courses by mail. We have 
students in 47, 3 t a te3 and territories, 20 foreign 
countries. Ask us for information. ) 



MAH, mis COUPON 

Edmund C. Berkeley and Associates, 

815 Washington St., R108l\ewtonville 60, Mass, 

1. Please send me publications circled: 

P 14 P 16 P 25 

Returnable in 7 days for full refund if not sa- 
tisfactory. I enclose $ in full 

payment (add 10 i per item to cover cost of hand- 
ling and mailing.) 

2. Please send free announcement of L3 publica- 
tions and Q courses. " 

My name and address are attached. 
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INDEX 



This index covers information published in the ten issues of COMPUTERS AND AUTOMATION, vol. 2, no. 9, 
December, 1953 to vol. 3, no. 9, November, 1954. In order not to delay the current issue, December, 1954, 
it has not been included in this index. The last part of each entry in the index gives: volume / number 
(month of issue) , page number. 



A: "All -Trans is tor Computer" by Neil Macdonald 
(in Forum), 3/9 (Nov.), 28 
American Bankers Association report, 3/1 (Jan.) 
10 

American Management Association conference, 3/4 
(Apr.) , 6; 3/5 (May) , 11 
"Analog Computers and their Application to Heat 
Transfer and Fluid Flow — Part 1", by John E. 
Nolan, 3/9 (Nov.) , 20 

"Another Automatic Factory", by G. W. Patterson, 
(in Forum), 3/8 (Oct.), 16 
applications of analog computers to heat trans- 
fer and fluid flow, 3/9 (Nov.) , 20 
Ashe, Geoffrey, "Introducing Computers to Begin- 
ners", 3/3 (Mar.), 8 

Asimov, Isaac, "Robots I Have Known", 3/3 (Oct.} 
22 

"Assembly Line Control by Punched Cards" by G.W. 

Patterson, (in Forum) , 3/9 (Nov.) , 26 
Association for Computing Machinery, Journal, (in 
Forum), 3/3 (Mar.),, 13; 3/4 (Apr.) , 26 
Automatic Computers — List, cumulative, 3/6 
(July), 18; supplement, 3/8 (Oct.), 15 
Automatic Computing Machinery — List of Types, 
cumulative, 3/9 (Nov.), 24 
automatic factory, another, (in Forum), 3/8 (Cfct) 
16 

automatic factory: "Meeting on the Application 
of the Automatic Factory to the Production of 
Electronic Equipment", (in Forum), 3/2 (Feb.), 
28 

automation in Ford Motor Co., 3/7 (Sept.), 18 
"Automation in the Kitchen", by Fletcher Pratt, 
3/1 (Jan.), 13 

"Automation in the Kitchen — A Comment", b y 
Luther M. Jenkins, (in Forum), 3/4 (Apr.), 26 
automation in petroleum industries, 3/3 (Mar.), 6 
Automation — List of Outstanding Examples, 3/6 
(July) , 13 

"Autonomy and Self-Repair for Computers: A Sym- 

posium", by Elliot L. Gruenberg, 3/5 (May) , 12 
B: Bankers Association report, 3/1 (Jan.) 10 

Bar-Hillel, Yehoshuah, "Airletter from Israel", 
(in Forum), 3/3 (Mar.), 15 
Berkeley, E. C., "Glossary of Terms in the Field 
of Computers and Automation — Discussion", JI, 
3/2 (Feb.), 24 

Berkeley, E. C., "Glossaries of Terms — More 
Discussion", V, 3/3 (Mar.), 22 
bibliography: see "Books and Other Publications" 
Bloch, Alan, "Controversy — A Comment", in For- 
um, 3/5 (May) , 22 

"Books and Other Publications", 3/1 (Jan.), 22; 

3/3 (Mar.) 26; 2/5 (May), 24; 3/8 (Oct.), 21 
Booth, Andrejv D. f "Reciprocals — a Note on a 
Computer Method for Finding Them", 3/7 (SepO, 
16 

Bottner, Gustave, and others, "Savings and Mort- 
gage Division, American Bankers Association : 



Report of the Committee on Electronics, Sept. 
1953", 3/1 (Jan.), 10 

Bridgewater, John, "Human Factors in the Design 
of Electronic Computers", 3/6 (July), 6 
"Bureau of Census Unemployment Figures", (in Fbr- 
um) , 3/4 (Apr.) , 28 

jC: "Can Machines Think? — Discussion", by James 

L. Rogers and Alston S. Householder, 2/9 (Dec. 
1953), 14 

"The Capacity of Computers Not to Think", b y 
Irving Rosenthal and John H. Troll (in Forum), 
3/8 (Oct.), 28 

Clark, Lawrence, M., "General Purpose Robots" , 
3/4 (Apr.), 22 

Clippinger, Richard F. t "How A Central Computing 
Laboratory Can Help Industry", 2/9 (Dec.), 6 
Clow, Walter F., and others, "Savings and Mort- 
gage Division, American Bankers Association , 
Report of the Committee on Electronics, Sept. 
1953 , 3/1 (Jan.) 10 

Clutterham, D. R., "Glossary — Contributions", 

I, (in Forum), 3/6 (July), 22 
coding, cost, 3/7 (Sept.), 14 
" Combined Operations in a Life Insurance Company 
Instead of Fractured Operations", by R.T. Wise- 
man, 2/9 (Dec. 1953), 11 
common machine language, 3/4 (Apr.), 6 
computer, definition of, 3/6 (July), 14 
"Computer Failures — Automatic Internal Diag- 
nosis (AID)", by Neil Macdonald, 3/7 (Sept J, 6 
"Computers in Great Britain", by Stanley Gill , 
3/9 (Nov.), 6 

computer powers, illustrations, (in Forum) , 3/7 
(Sept.), 26 

computers, introducting them to beginners, 3/3 
(Mar.), 8 

computing laboratory; "How a Central Computing 
Laboratory Can Help Industry," by R» F. Clip- 
pinger, 2/9 (Dec. 1953), 6 
"The Concept of Thinking", by Elliot L. Gruenberg, 
3/4 (Apr.), 18 

controversy, value of (in Editor's Notes), 3/4 
(Apr.), 4 

"Controversy — A Comment", by Alan Bloch, (in 
Forum), 3/5 (May) 22 

"The Cost of Programming and Coding", by C. C. 

Gotlieb, 3/7 (Sept.), 14 
crucial knowledge, (in Editor's Notes) , 3 / 9, 

(Nov.) , 4 

D: Danch, Bill: "Attractive Computers", 3/9 

(Nov.) , 4; "Forms of Data Processing", 3/7 
(Sept.), 24; "Help Wanted", 3/6 (July), 28 ; 
"Some Notes on Counting", 3/8 (Oct.) 4 
Detroit Conference on Training Personnel for 
Computers, (in Forum) , 3/2 (Feb.), 24 
"The Development and Use of Automation by Ford 
Motor Company", 3/7 (Sept.) , 18 
diagnosis, automatic, of computer failures, 3/7 
(Sept.), 6 



- 40 




INDEX 



E: "The Electronic Juggler of Reeves Instrument 

Corp." (in Forum), 3/6 (July), 22 
"Employment Opportunities in the Field of Compu- 
ters and Automation", 2/9 (Dec. 1953), 4 
employment opportunity (in Forum), 3/6 (July), 33 
"The End of an Epoch: The Joint Computer Confer- 
ence, Washington, D.C., December, 1953", b y 
Alston S. Householder, 3/1 (Jan.) , 6 
England, computers in, 3/9 (Nov.) , 6 
£: failures of computers, automatic internal di- 

agnosis, 3/7 (Sept.), 6 

"Ferrite Memory Devices", by Ephraim Gelbard and 
William Olander, 3/5 (May) , 6 
"Flight Simulators", by Alfred Pfanstiehl and "Si- 
mulore", 3/5 (May) , 10 

"Flight Simulators — A New Field", by Alfred 
Pfanstiehl, 3/8 (Oct.), 6 
fluid flow, use of analog computers, 3/9 (Nov.), 20 
Ford Motor Co., News Department, "The Development 
and Use of Automation in Ford Motor Company" , 
3/7 (Sept.), 18 

G: Gelbard, Ephraim, and Wm. Olander, "Ferrite 

Memory Devices", 3/5 (May) , 6 
"General Purpose Robots", by Lawrence M. Clark, 
3/4 (Apr.), 22 

Gill, Stanley, "Computers in Great Britian", 3/9 
(Nov.) , 6 

"Glossaries of Terms — More Discussion", (in Fbr- 
ura) , 3/3 (Mar.) , 21 

"Glossary of Terms in the Field of Computers and 
Automation — Discussion" by A.S. Householder 
and E.C. Berkeley, 3/2 (Feb.), 24 
"Glossary — Section 3: F to Z", First Edition , 
2/9 (Dec. 1953), 16 

"A Glossary of Computer Terminology", by Grace M. 
Hopper, 3/5 (May) , 14 

"Glossary — Contributions" (in Forum), 3/6 (Ju- 
ly), 22 

Gotlieb, C. C., "The Cost of Programming and Cod- 
ing", 3/7 (Sept.), 14 

Gruenberg, Elliot L., "Autonomy and Self-Repair 
for Computers: A Symposium", 3/5 (May), 12 
Gruenberg, Elliot L., "The Concept of Thinking", 
3/4 (Apr.) , 18 

Gruenberg, E.L., "Reflective Thinking in Machines" 
3/2 (Feb.), 12 

H: Harper, Margaret H., "Subroutines: Prefabri- 

cated Blocks for Building", 3/3 (Mar.) , 14 
heat transfer, use of analog computers, 3/9 (Nov), 
20 

Hopper, Grace M., "Glossaries of Terms — More 
Discussion", IV, 3/3 (Mar.), 22 
Hopper, Grace M. f "A Glossary of Computer Termi- 
nology", 3/5 (May) , 14 

Householder, Alston S., "Can Machines Think? — 
Discussion", I, 2/9 (Dec. 1953), 14 
Householder, Alston S., "The End of an Epoch: The 
Joint Computer Conference, Washington, D. C., 
December, 1953", 3/1 (Jan.), 6 
Householder, Alston S. t "Glossary of Terms in the 
Field of Computers and Automation — Disussion',' 
I, 3/2 (Feb.) , 22 

"How A Central Computing Laboratory Can Help In- 
dustry", by R. F. Clippinger, 2/9 (Dec. 1953), 6 
’'Human Factors in the Design of Electronic Conpu- 
ters", by John Bridgewater, 3/6 (July), 6 
_I: Illustrations of Computer Powers, Willow Run 

Research Center, (in Forum), 3/7 (Sept.), 26 
Index, 2/9 (Dec. 1953), 33 

Institute of Management Sciences, (in Forum) , 3/2 
(Feb), 24 



"Introducing Computers to Beginners", by Geoffrey 
Ashe, 3/3 (Mar.) , 8 

"Introducing Computers to Beginners — A Comment’, ’ 
W. S. Howard, (in Forum), 3/5 (May), 22 
J : Jacobson, Arvid W., "Training Personnel for 

Computers", 3/7 (Sept.), 32 
Joint Computer Conference: "The End of an Epoch: 
The Joint Computer Conference, Washington, D.C., 
Dec; 1953," by A. S. Householder, 3/1 (Jan.), 6 
"Journal of the Association for Computing Machin- 
ery", (in Forum), 3/3 (Mar.), 13; 34 (Apr.), 26 
juggler, electronic, (in Forum), 3/6 (July), 22 
_K: kitchen, automation, 3/1 (Jan.) , 13 

Klusman, D.R., "Glossary — Contributions", III, 
(in Forum), 3/6 (July), 24 
L: "Language Translation by Machine — A Report 

of the First Successful Trial," by Neil Mac- 
donald, 3/2 (Feb.) , 6 
M: machine language, 3/4 (Apr.), 6 

machine translation: (in Forum), 2/9 (Dec. 1953), 
23; 3/2 (Feb.), 6 

Marchant, Robert F., and others, "Savings a nd 
Mortgage Division, American Bankers Association: 
Report of the Committee on Electronics, Sept. 
1953", 3/1 (Jan.), 10 

Meetings (in Editor's Notes), 3/5 (May), 4; 3/6 
(July), 4; 3/7 (Sept.), 4-; 3/8 (Oct.), 4 
Macdonald, Neil, "All-Transistor Computer", 3/9 
(Nov.) , 28 

Macdonald, Neil, "Computer Failures — Automatic 
Internal Diagnosis (AID)", 3/7 (Sept.), 6 
Macdonald, Neil, "Language Translation by Mach- 
ine: A Report of the First Successful Trial", 
3/2 (Feb.), 6 

Macdonald, Neil, "Processing Information Using 
a Common Machine Language: The American Man - 
agement Association Conference", 3/4 (Apr.) , 6 
Macdonald, Neil, "What is a Computer?", 3/6 (Ju- 
ly), 14 

"Monte Carlo Methods Symposium" (in Forum) , 3/1 
(Jan.) , 16 

£: Nolan, John E., "Analog Computers and their 

Application to Heat Transfer and Fluid Flow — 
Part 1", 3/9 (Nov.) , 20 

0: Olander, William, and E. Gelbard, 'Terri te 

Memory Devices", 3/5 (May), 6 
£: Parker, John E., "Bureau of Census Unemploy- 

ment Figures from Univac", (in Forum), 3 /4 
(Apr.) , 28 

"Parlor Magic", (in Forum), 2/9 (Dec. 1953), 23 
"Patents", by Hans Schroeder, 2/9 (Dec. 1953) , 

30; 3/1 (Jan.), 26; 3/2 (Feb.), 30; 3/3 (Mar4 
28; 3/4 (Apr.), 17; 3/5 (May), 19; 3/6 (July), 
31; 3/7 (Sept.), 30; 3/8 (Oct.), 27; 3/9 (Nck) 

26 

Patterson, G. W., "Another Automatic Factory" , 

(in Forum), 3/8 (Oct.), 16 
Patterson, G. W. , "Assembly Line Control by Punch 
Cards", (in Forum) , 3/9 (Nov.), 26 
Pederson, James A., "Glossary — Contributions", 
II, (in Forum), 3/6, (July), 24 
Perry, Joseph E., and others, "Savings and Mort- 
gage Division, American Bankers Association : 
Report of the Committee on Electtonics, Sept. 
1953", 3/1 (Jan.* 10 

petroleum industries, automation in, 3/3(Mar), 6 
Pfanstiehl, Alfred, 'Tlight Simulators", 3/5 
(May) , 10 

Pfanstiehl, Alfred, 'Tlight Simulators — A New 
Field", 3/8 (Oct.), 6 

Pope Sylvester II, the speaking head made by , 



- 41 




INDEX 



3/8 (Oct.), 14 

Pratt, Fletcher, "Automation in the Kitchen", 3/1 
(Jan.) , 13 

"Processing Information Using a Common Machine 
Language: The American Management Association 

Conference, Feb. 1954", by Neil Macdonald, 3/4 
(Apr.) , 6 

prodigy, mathematical, Shakuntala Devi, 3/1 (Jan%) 
14 

programming, cost, 3/7 (Sept.), 14 
punched cards, assembly line control by, (in For- 
um), 3/9 (Nov.), 26 
"Puzzles for Computers”, 3/1 (Jan.) , 4 
"Puzzles for Computers — Answers" (in Forum), 3/4 
(Apr) , 26 

R: "Reciprocals — A note on a Computer Meth o d 

for Finding Them", by Andrew D. Booth, 3/7 (Sept.) 
16 

Reeves Instrument Corp. , electronic juggler, (in 
Forum), 3/6 (July), 22 

"Reflective Thinking in Machines", by E. L. Gru- 
enberg, 3/2 (Feb.), 12 

"Report on the American Management Associati o n 
Conference — Correction", (in Forum) , 3/5, 

(May) , 11 

"Responsibility of a Scientist for the Applica - 
tion of His Discoveries", (in Editor's Notes), 

3/5 (May), 11 

robots, general purpose, 3/4 (Apr.) , 22 
"Robots I Have Known", by Isaac Asimov, 3/8 (Oct.), 
22 

Rochester, Nathaniel, and Willis H. Ware, "Glos- 
saries of Terms — More Discussion", II, 3/3 
(Mar.) , 21 

Rock, Sybil M., "Towards More Automation in Pet- 
roleum Industries", 3/3 (Mar.) , 6 
Rogers, James L., "Can Machines Think? — Discus- 
sion", II, 2/9 (Dec. 1953), 14 
Rosenthal, Irving, "The Capacity of Computers Not 
to Think", I, (in Forum), 3/8 (Oct.), 28 
Roster of Magazines Related to Computers and Auto- 
mation, cumulative, 3/7 (Sept.), 17 
Roster of Organizations in the Field of Computers 
and Automation, cumulative: 3/4 (Apr.), 8; 3/9 
(Nov.) , 9 

"Roster of Organizations in the Field of Computers 
and Automation", supplements: 2/9 (Dec. 1953) , 

9; 3/1 (Jan.), 8; 3/2 (Feb.), 20; 3/3 (Mar.) , 

12; 3/5, (May), 8; 3/6 (July), 8; 3/7 (Sept. ) 

11; 3/3 (Oct.), 9 

Roster of Organizations Making Components: 2/9 

(Dec. 1953), 10; 3/1 (Jan.), 9; 3/2 (Feb.), 21 
Roster of Automatic Computing Services, cumulative: 
3/2 (Feb.), 11; 3/7 (Sept.), 23 
Roster of Automatic Computing Services, supplements: 
3/4 (Apr.), 16; 3/5 (May), 9; 3/6 (July), 33 
Roster of Organizations Making Ferrites, c/3 (Mar.), 
16 

Russian translated by machine, 3/2 (Feb.), 6 
.S: "Savings and Mortgage Division, American Bank- 

ers Association: Report of The Committee on Elec- 
tronics, Sept. 1953", by Joseph L. Perry, Gus- 
tave Bottner, Walter F. Clow, and Robert F. Mar- 
chant, 3/1 (Jan.), 10 
Schroeder, Hans; see "Patents" 
self-repair for computers, 3/5 (May), 12 
"Shakuntala Devi, Mathematical Prodigy" by Walton 
Wickett (in Forum) , 3/1 (Jan.) , 14 
simulators, flight; 3/5 (May), 10; 3/8 (Oct.), 6 
"The Speaking Head Made by Pope Sylvester II" (in 
Forum), 3/8 (Oct.), 14 



"Subroutines: Prefabricated Blocks for Building", 
by Margaret H. Harper, 3/3 (Mar.) , 14 
I.: thinking, concept of, 3/4 (Apr.) , 18 

thinking in machines; 3/9 (Dec. 1953), 14; 3/2 
(Feb.), 12; 3/8 (Oct.), 28 
"Towards More Automation in Petroleum Industries", 
by Sybil M. Rock, 3/3 (Mar.), 6 
training personnel, 3/2 (Feb.), 24; 3/7 (Sept.), 32 
"Training Personnel for Computers", by Arvid W. 

Jacobson, (in Forum), 3/7 (Sept.), 32 
transistor computer, 3/9 (Nov.) , 28 
Troll, John H., "The Capacity of Computers Not 
to Think", II, (in Forum), 3/8 (Oct.), 29 
jJ: unemployment calculations, (in Forum), 3/4 

(Apr.) , 28 

Univac unemployment calculations, (in Forum) , 2/4 
(Apr.) , 28 

W: Ware, Willis H., and Nathaniel Rochester, 

"Glossaries of Terms — More Discussion", II , 
3/3 (Mar.) , 21 

Western Computer Conference, (in Forum), 3/1 
(Jan.), 14 

Western Electronics Show, (in Forum), 3/3 (Mar.), 
24 

"What is a Computer?" by Neil Macdonald, 3/6 
(July) , 14 

"Who's Who in Computers and Automation: Section 

1 — Programming", supplement, 2/9 (Dec.l953>, 24 
"Who's Who in Computers and Automation: Section 

2 — Business, Not Programming", supplement, 
3/1 (Jan.), 17 

"Who's Who in Computers and Automation: Section 

3 — Not Business, Not Programming", supp le- 
nient, 3/1 (Jan.), 18 

"Who's Who in Computers and Automation — Wayne 
University, Detroit," (in Forum) , 3/5 (May), 13 
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ANALOG COMPUTERS 
(continued from page 29) 

Institute of Technology is studying the appli- 
cation of analog computers to hydraulic engin- 
eering problems so that predictions can be made 
faster and more accurately .153 Such problems 
would include river and reservoir behavi o r , 
surge tank behavior, and the many complex prob- 
lems that arise in connection with the perform- 
ance of hydroelectric plants. The application 
of analog computers to penstock, surge tank, 
and water hammer studies has been described.^! 
This reference also sets up an electrical- 
hydraulic analogy in which the water harame r 
waves and surges of the hydraulic engineer be- 
come the traveling waves, electrical surges, 
and switching transients of the electrical en- 
gineer as shown in Figure 5, page 34. 

Late in 1948, the Weather Bureau, U. S. 
Department of Commerce, developed an electronic 
device for stream flow routing that has proved 
to be highly effective in the preparation of 
river stage forecasts .145 it was originally 
designed for routing flows from point to point 
along a stream, but subsequent studies indi- 
cated that the equipment is equally applicable 
to the direct routing of effective rainfall 
(runoff) over relatively large basins. 

- END - 
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A ten-bank, automatic 
calculator designed for 
engineers, mathemati 
cians and operators who 
test, maintain or pro- 
gram for, electronic 
digital computers. Adds, 
subtracts, multiplies, and 
divides in binary and / 
octal number systems 
and performs binary to s 
decimal and decinial to ■ 
binary conversions/ :V 
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ROSTER OF ORGANIZATIONS 
(continued from page 35) 



purpose digital computers ModelGG-15A and G- 
15D. Ms (150) Se(1952, division; 1929, corp - 
oration) DACc RMSPa 

Canning, Sisson, & Associates, 914 So. Robertson 
Blvd., Los Angeles, Calif. 

Consultants in applications of automatic 
data handling systems, electronic production 
control systems, etc. Ss Se (1954) DACc RCPa 

Digital Control Systems, P. 0. Box 779, La Jolla, 
Calif. 

All employees have been transferred and cer- 
tain assets have been sold to Litton Indus- 
tries, Beverly Hills, Calif. 

ElectroData Corporation (Consolidated Engineering 
Corporation affiliate), 717 N. Lake Ave., Pas- 
adena 6, Calif. / SYcamore 8-6761 / *C 

Electronic digital computers and computer 
components; input-output devices; magnetic 
tape units; punched card conversion equip- 
ment. Ms (200) Se(1950; parent company 

1937) Dc RMSCPa 

Electronic Engineering Co., 180 South Alvarado 
St., Los Angeles 57, Calif. / Dunkirk 2-7353 / 
Design, development, and fabrication of spec- 
ialized electronic equipment. Analog com- 



puting machinery. Analog-to-digital-to-an- 
alog converters. Polar-to-rectangular-t o- 
polar cpnverters. Servomechanisms. Ms (180) 
Se (1947) DAc RMSa 

Magnetics Inc., Butler, Pa. / BUtler 71-745 / 

Magnetic core materials for construction of 
computer memories. Ic RMSa 

Minnesota Electronics Corp., 1058 University Ave., 
St. Paul 4, Minn. / CApital 6-8891 / *C 

Digital and analog computers. Magnetic com- 
ponents, magnetic decision elements. Data 
reduction systems, telemetering. Ss (35) 
Se (1946) DAIc RMSa 

J. B. Rea Co., 1723 Cl overfield Blvd., Santa Mon- 
ica, Calif. / Exbrook 3-7201 / *C 

Automatic control systems, general and spec- 
ial purpose digital computers, flight control 
systems for helicopters, automatic cruis e 
control for aircraft, torpedo tracking sys- 
tems, automatic data handling systems, aero- 
dynamic systems analysis, simulation, non- 
linear servo systems. Magnetic drums, mag- 
netic heads, analog-to-digital converters, 
etc. Analog and digital computing facility. 
Ms (60) Se (1951) DASCc RMSCa 

- END . 
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/MONROBOT 

£*3 



ELECTRONIC CALCULATOR 






The MONROBOT is a general purpose digital computer, 
compact, ruggedized, reliable and reasonably priced. 

In the MONROBOT, decimal numbers are used. Since twenty 
digits are available, with a centrally located decimal 
point, there is no need for scaling or setting of decimal 
point. Neither overflow nor translation techniques are 
necessary. Orders are written for the calculator in 
virtually their original algebraic form. 

Neither highly trained personnel nor extensive 
training effort are needed for the MONROBOT. Keyboard and 
automatic tape operations are counterparts of the simple 
programming procedures. Average office personnel become 
familiar with MONROBOT operation the first day. It prints 
out results on 8-1/2” wide paper roll, or perforates a 
paper tape as desired. 

MONROBOT V is complete in one desk-size unit, ready 
to plug in and perform. MONROBOTS can be supplied with 
capacities to suit special requirements, avoiding excess 
investment for unnecessary facilities. 

MONROBOT CORPORATION 

MORRIS PLAINS NEW JERSEY 

A SUBSIDIARY OF MONROE CALCULATING MACHINE COMPANY 
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December : How a Central Computing Laborarory Can 
Help Industry — Richard F. Clippinger 
"Combined" Operations in a Life Insurance Com- 
pany Instead of "Fractured" Operations — R. 
T. Wiseman 

"Can Machines Think?": Discussion — J.L. Rogers 
and A. S. Householder 
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Computer Conference, Washington, D. C., Dec- 
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February : Language Translation by Machine: A Re- 
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Hopper 

July : Human Factors in the Design of Electronic 
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September : Computer Failures — Automatic Internal 
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The Cost of Programming and Coding — C.C.Gotlieb 
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Gill 

Analog Computers and their Application to Heat 
Transfer and Fluid Flow — Part I — John E. 
Nolan 

All -Transistor Computer — Neil Macdonald 

REFERENCE INFORMATION (in various issues) : 

Roster of Organizations in the Field of Computers 
and Automation / Roster of Automatic Computing 
Services / Roster of Magazines Related to Com- 
puters and Automation / List of Autom a t i c 
Computers / Automatic Computing Machinery — 
List of Types / Who's Who in the Field of 
Computers and Automation / Automation — List 
of Outstanding Examples / Books and Other 
Publications / Glossary / Patents 



Price of back copies, if available, $1.25 each. 



A subscription (see rates on page 4) may be spec- 
ified to begin with any issue from Nov., 1954 
to date. 



REPRINTS: Index No. 1 (from December, 1953, issue) 

— 20 cents 

WRITE TO: 

Edmund C. Berkeley and Associates 
Publishers of COMPUTERS AND AUTOMATION 
36 West 11 St., New York 11, N. Y. 
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FERRANTI 

HIGH SPEED 
TAPE READER 




❖ 



FAST Tape is read at speeds up to 200 characters per second. The tape can be 

stopped from full speed within .03 inch, and can be accelerated from rest 
to full speed in 5 mili seconds. 

VERSATILE A simple lever adjustment adapts the Reader for either 5 hole or 
7 hole tape. 



SIMPLE The tape is easily inserted and the friction drive takes splices without dif- 

ficulty. A tape may be passed through the reader thousands of times 
without appreciable wear. \ 

\ 

FERRANTI ELECTRIC, INC. 30 Rockefeller Plaza, New York 20, N. Y. 



* 
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FERROXCUBE CORE MATERIALS ARE FINDING SUCCESSFUL APPLICATION 
IN MEMORY CIRCUITS REQUIRING RECTANGULAR HYSTERESIS LOOP 
TOROIDS, IN BLOCKING OSCILLATOR CIRCUITS, IN PULSE TRANSFORMERS, 
IN DELAY LINES AND IN RECORDING HEADS 



MAY WE SEND YOU APPLICATION DATA IN YOUR PARTICULAR FIELD OF INTEREST? 



FERROXCUBE CORPORATION OF AMERICA 

• A Joint Affiliate of Sprague Electric Co. and Philips Industries, Managed by Sprague • 

SAUGERTIES, NEW YORK 

; 

In Canada: Rogers Majestic Electronics Limited, 11-19 Brentcliffe Road, Leaside, Toronto 17. 
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ADVERTISING IN "COMPUTERS AND AUTOMATION” 



Memorandum from Edmund C. Berkeley and Associates 
Publishers of COMPUTERS AND AUTOMATION 
36 West 11 St., New York 11, N.Y. 



1. What is "COMPUTERS AND AUTOMATION"? It is 
a monthly magazine containing articles and ref- 
erence information related to computing mach- 
inery, robots, automatic controllers, cyber- 
netics, automation, etc. One important piece 
of reference information published is the "Ros- 
ter of Organizations in the Field of Computers 
and Automation". The basic subscription rate 
is $4.50 a year in the United States. Single 
copies are $1.25. The magazine was published 
monthly except June and August between March, 
1953, and September, 1954; prior to March 1953 
it was called "The Computing Machinery Field" 
and published less often than ten times a year. 

2. What is the circulation? The circulation 
includes 1200 subscribers (as of Nov. 23); over 
300 purchasers of individual back copies; and 
an estimated 1500 nonsubscribing readers. The 
logical readers of COMPUTERS AND AUTOMATION 
are some 3500 or 4000 people concerned with the 
field of computers and automation. These inclucte 
a great number of people who will make recom- 
mendations to their organizations about pur- 
chasing computing machinery, similar machinery, 
and components, and whose decisions may involve 
very substantial figures. The print order for 
the Dec. issue was 2100 copies. The overrun 
is largely held for eventual sale as back cop- 
ies, and in the case of several issues the over- 
run has been exhausted through such sale. A 
mailing to some 2000 nonsubscribers in Decem- 
ber, 1953 (with 173 responses up to March, 1954) 
indicated that two-thirds of them saw the mag- 
azine (library, circulation, or f riend 's copy) 
and of these two-thirds over 93% "liked it". 

3. What type of advertising does COMPUTERS 
AND AUTOMATION take? The purpose of the mag- 
azine is to be factual and to the point. For 
this purpose the kind of advertising wanted is 
the kind that answers questions factually. We 
recommend for the audience that we reach, that 
advertising be factual, useful, interesting, 
understandable, and new from issue to issue. 

4. What are the specifications and cost of 
advertising? COMPUTERS AND AUTOMATION is pub- 
lished on pages 8%" x 11" (ad size, T'xlO" ) 
and produced by photooffset, except that print- 
ed sheet advertising may be inserted and bound 
in with the magazine in most cases. The clos- 
ing date for any issue is approximately the 
10th of the month preceding. If possible, the 
company advertising should produce final copy. 
For photooffset, the copy should be exactly 
as desired, actual size, and assembled, and 
may include typing, writing, line drawing, 



printing, screened half tones, and any other 
copy that may be put under the photooffset 
camera without further preparation. Lhscreened 
photographic prints and any other copy requir- 
ing additional preparation for photooffset 
should be furnished separately; it will be 
prepared, finished, and charged to the adver- 
tiser at small additional costs. In the case 
of printed inserts, a sufficient quantity far 
the issue should be shipped to our printer, 
address on request. 

Display advertising is sold in units of full 
pages (ad size 7" by 10", basic rate, $170) 
and half pages (basic rate, $90); back cover, 
$330; inside front or back cover, $210. Extra 
for color red (full pages only and only in 
certain positions) , 35%. Two-page printed 
insert (one sheet), $290; four-page pr in ted 
insert (two sheets) , $530* Classified ad - 
vertising is sold by the word (50 cents a 
word) with a minimum of ten words. We reserve 
the right not to accept advertising that does 
not meet our standards. 

5. Rate Change . Commencing January 1, 1955, 
the rates will change to the rates stated a- 
bove. The old rates will apply until March 
1 to advertising contracts received before 
December 1 . 

6. Who are our advertisers? Our advertisers 
in recent issues have included the following 
companies, among others: 

The Austin Co. 

Automatic Electric Co. 

Burroughs Corporation 

Federal Telephone and Radio Co. 

Ferranti Electric Co. 

Ferroxcube Corp. of America 

General Ceramics Corp. 

Hughes Research and Development Lab. 

International Business Machines Corp. 

Ketay Manufacturing Co. 

Laboratory for Electronics 

Lockheed Aircraft Corp. 

Logistics Research, Inc. 

Monrobot Corp. 

Potter Instrument Co. 

Raytheon Mfg. Co. 

Reeves Instrument Co. 

Remington Rand, Inc. 

Sprague Electric Co. 

Syl vania Electric Products, Inc. 

Telecomputing Corp. 
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Mathematical Analyst Keith Kersery loads 
jet transport flutter problem into one 
of Lockheed’s two 701’s. On order: two 
704’s to help keep Lockheed in fore- 
front of numerical analysis and pro- 
duction control data processing. 



New 701 ’s speed 
Lockheed research in 
numerical analysis 



The first airframe manufacturer to order and receive a 701 digital 
computer, Lockheed has now received a second 701 
to handle a constantly increasing computing work load. 

It gives Lockheed the largest installation of digital computing 
machines in private industry. 

Most of the work in process is classified. However, two significant 
features to the career-minded Mathematical Analyst are: 1) the 
wide variety of assignments caused by Lockheed’s diversification 
and 2) the advanced nature of the work, which consists mainly 
of developing new approaches to aeronautical problems. 

Career Opportunities for Mathematical Analysts 

Lockheed’s expanding development program in nuclear energy, 
turbo-prop and jet transports, radar search planes, supersonic aircraft 
and other classified projects has created a number of openings for 
Mathematical Analysts to work on the 701’s. 

Lockheed offers you attractive salaries; generous travel and moving 
allowances; an opportunity to enjoy Southern California life; and an 
extremely wide range of employee benefits which add approximately 
14% to each engineer’s salary in the form of insurance, 
retirement pension, sick leave with pay, etc. 

Those interested are invited to write E. W. Des Lauriers for a brochure 
describing life and work at Lockheed and an application form. 



LOCKHEED 

CALIFORNIA 



AIRCRAFT CORPORATION 



BURBANK 




ADVERTISING INDEX - DECEMBER, 1954 



The purpose of COMPUTERS AND AUTOMATION is to 
be factual, useful, and understandable. For this 
purpose, the kind of advertising we desire to pub- 
lish is the kind that answers questions, such as, 
What are your products? What are your services ? 
And for each product. What is it called? What 
does it do? How well does it work? What are its 
main specifications? We reserve the right not to 
accept advertising that does not meet our stand- 
ards. 

Following is the index and a summary of advertise- 
ments. Each item contains: name and address of 
the advertiser / subject of the advertisement / 
page number where it appears / CA number in case 
of inquiry (see note below) . 

The Austin Co., 76 Ninth Ave., New York 11, N.Y. 

/ Automatic Data Recording System / page 39 / 

CA No. 107 

Avion Instrument Corp., 299 Highway No. 17, Para- 
must, N.J. / Frequency Converter, Voltage Regu- 
lates:/ page 38 / CA No. 108 

Computers and Automation, 36 West 11 St., New 
York 11, N.Y. / Back Copies, Advertising, Reply 
Form / pages 45, 47, 49 / CA No. 109 

Edmund C. Berkeley and Associates, 36 West 11 St., 
New York 11, N.Y. / Publications,/ page 39 / 

CA No. 110 

Ferranti Electric, Inc., 30 Rockefeller Plaza, 
New York 20, N.Y. / Ferranti High Speed Tape 
Reader / page 46 / CA No. Ill 

Ferroxcube Corp. of Anerica, East Bridge St. , 
Saugerties, N.Y. / Magnetic Core Materials / 
page 46 / CA No. 112 

❖ 



General Electric Co., Schenectady 5, N.Y./ Tubes 
/ pages 25, 26 / CA No. 113 

Hughes Research and. Development Laborator ies , 
Culver City, Calif. / Digital Computer Tech - 
niques / page 38 / CA No. 114 

Lockheed Aircraft Corp., Burbank, Calif. /Career 
Opportunities / page 48 / CA No. 115 

Machine Statistics Co., 27 Thames St., New York 
6, N.Y. / Punch Card Tabulating Services /page 
5 / CA No. 116 

Monrobot Corporation, Morris Plains, N.J. / Mon- 
robot Computer / page 44 / CA No. 117 

Raytheon Mfg. Co., Foundry Ave., Waltham, Mass. 
/ Binary-Octal Calculator / page 43 / CA No. 
118 

Remington Rand, Inc., 315 4th Ave., New York 10, 
N.Y. / Univac / page 2 / CA No. 119 

Sprague Electric Co., 377 Marshall St., Nort h 
Adams, Mass. / Wire-Wound and Film Resistors / 
page 50, back cover / CA No. 120 



If you wish more information about any of the 
products or services mentioned in one or more 
of these advertisements, you may circle the ap- 
propriate CA No. 's on the Reader’s Inquiry Form 
below and send that form to us (we pay postage; 
see the instructions). We shall then forward 
your inquiries, and you will hear from the ad - 
vertisers direct. If you do not wish to tear 
the magazine, just drop us a line on a postcard. 



REPLY FORMS: 

Paste label on envelope:^ 



Who's Who Entry; Reader's Inquiry 

Enclose form in evelope:J, 




IDENTIFICATION 

Name (please print) 

Address 

Organization (& address)? 

Title? 

WHO'S WHO ENTRY FORM 



Please 
fill in 

completely 



MAIN INTERESTS: 

( ) Design 
( ) Construction 
( ) Applications 

College or last school?.. 



( ) Sales 
( ) Electronics 
( ) Mathematics 
( ) Business 



Year of Birth?... 

) Programming 
) Other (specify): 



Year of entering the computing machinery field? 

Occupation? (Enclose more 

Information about yourself if you wish — if will help in- your listing.) 



READER'S INQUIRY FORM 

Please send me additional information on the following subjects for which I have 
circled the CA number: 



1 2 3 4 5 

6 7 8 9 10 

11 12 13 14 15 

16 17 18 19 20 

21 22 23 24 25 



26 27 28 29 30 
31 32 33 34 35 
36 37 38 39 40 
41 42 43 44 45 
46 47 48 49 50 



51 52 53 54 55 
56 57 58 59 60 
61 62 63 64 65 
66 67 68 69 70 
71 72 73 74 75 



76 77 78 79 
81 82 83 84 
86 87 88 89 
91 92 93 94 



96 97 98 99 100 



101 102 103 104 105 
106 107 108 109 110 
111 112 113 114 115 
116 117 118 119 120 
121 122 123 124 125 



126 127 128 129 130 
131 132 133 134 135 
136 137 138 139 140 
141 142 143 144 145 
146 147 148 149 150 
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WIREWOUND and FILM RESISTORS 



FOR POINT-TO-POINT OR TERMINAL BOARD WIRING 

THERE’S ONE IN THE SPRAGUE FAMILY 
TO MEET YOUR PARTICULAR REQUIREMENTS! 



The Sprague family of axial lead resistors offers sizes, 
ratings, and characteristics to meet most any applica- 
tion requirement. Their tough impervious jackets 
provide maximum protection against physical damage 
and atmospheric conditions. Completely tested and 
proven, these extremely stable units 
assure consistent and reliable per- 
formance in commercial and military 
equipment. ★ ★★★★★★ 



PERMASEAL RESISTORS 




Precision wirewound • Resin encapsulated • Tol- 
erances up to ±0.1% • Ambient temperatures to 
L50°C • Wattage ratings to I.5W • Resistances to 




SPIRAMEG® RESISTORS 



FILMITE B® RESISTORS 



Film resistance element • Resin encapsulated • 
Voltage ratings to I5KV • Available in IW, I'/jW, 
and 2'/2W ratings • Resistances to 200 megohms 
• Standard tolerance, ±20% (to ±5% on special 
order) • Write for Engineering Bulletin 135 



Borocarbon-film • Molded phenolic housing • 
Tolerances to ±1% • Ambient temperatures to 70°C 
• Available in t/ 2 W, IW, and 2W ratings • Resist- 
ances to 10 megohms • Write for Eng. Bui. 130 




